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ABSTRACT 

Australian civil engineers were surveyed for a study 
intended to establish a model for development based on a list of the 
basic stock of knowledge and techniques that need to be mastered by 
the graduate civil engineer. Following a brief introduction and 
summary, chapters 3-7 review the survey objectives, civil engineering 
definitions and population, sample design and selection, instrument 
development and testing, and the processing of the questionnaire 
responses. Chapters 8-12 disc.uss results, curriculum development, 
professionalism, attitudes and opinions revealed by the survey about 
civil engineering training, and recommendations on survey technique, 
engineer training, technician training, future work, and broad and 
specific objectives. About one-half of the document consists of 
appendixes, largely in table form, concerning aspects of the data 
derived from the Task Analysis Questionnaire used in the survey. 
Basic data concerning respondents are presented together with 
analyses of the following task categories: manual skills, 
economic/financial, communication/exchange of information, management 
and personnel matters, and technical matters. The training analysis 
and responsibility rating sections, job characteristics, and Foreman 
questionnaire are separately tabulated. The Task Analysis and 
Foreman's Questionnaires are included. (KB) 
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!• INTRODUCTION 



Thia study is the first of its type in Australia and should 
be considered as providing a model (certainly imperfect) for further 
development in addition to a body of information on which action in 
the colleges might be based. During the latter part of our study 
we came across the following comment in the ''Aims of The Civil 
Engineering Course" document produced by the University of Melbourne, 

"At trie sixnui ti.ue, thf graduate civil e*"';;ineer obviously 
mu^-t have m:u *-fred a basic stock of kn ledge and 
techniqut which can be brought into pla„ and applied 
with little or no delay* Can this essential stock of 
basic knowledge and techniques be listed? The committee 
knowij of no such list, but we would be very helpful to 
teachers as well as students, as they then would know 
which material in their courses would need to be mastered 
to tiiis degree of thoroughness and which would not," 

We believe w^» have produced such a list. 

Our thanks are due to the many civil engineers and technicians 
who gave up to three hours of their own time answering our questions. 
Without their assistance (and very frequently their encouragement) 
our work would not have been completed. Even in this introduction 
we feel obliged to comment on the scarcity of data which exists in 
Australia. The first part of our study establishing the population 
of civil engineers, which we naively believed would take a few days 
of literature search and personal contact, extended to almost a year 
and became a major task in itself. Random mailing of questionnaires, 
hfowever, bas^jd on a list provided by a professional institution 
could not, we believe, produce valid results* 

In a crocs disciplinary study of this type it is easy to 
establish prestige by using the esoteric jargon of both the engineer 
and the educationist, but at the same time lose ones audience in the 
needlessly complicated sentences. This we have attempted to avoid 
and we hope our report will be readily readable by both groups. 

In the section on the curricula we would have wished for more 
information on which to base our decisions but we believe that we were 
obliged to provide the comments included as a basis for further action. 
Present decisions appear to be based on much more flimsy "evidence" 
than ours and students are being asked to attempt longer, more struc- 
tured courses on what at best might be described as whims. We do not 
suggest that a four year course is undesirable - we do suggest that 
moro careful consideration ought to be given to what are included as 
compulsory components in the theory component and that further 
consideration be given to practice as a component. Systematic 
curriculum evaluation is clearly needed. Perhaps the spirit of our 
comments is best caught in a comment CP. Snow made concerning the 
contribution Professor (now Lord) P. M.S. Blackrtt made to the 1959-'*5 
war effort. 

He had "a gift which made him invaluable in the war, and 
which this country has not recognised suf f icientlyi of being able 
to think of practical problems with a kind of depth of insight known 
to very few," 

<d 

ERJC How far are our current curricula encouraging this depth of 

insight? 
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we came across the following comment in the ''Aims of The Civil 
Engineering Cour^je" document produced by the University of Melbourne* 

"At the same time % the graduate civil engineer obviously 
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who gave up to liiree hours of their own time answering our questions* 
Without their assistance (and very frequently their encouragement) 
our work would not have been completed* Even in this introduction 
we feel obli^c*d to comment on the scarcity of data which exists in 
Australia* The firct part of our study establishing the population 
of civil e:.^iaeerS| which we naively believed would take a few days 
of literature search and personal contact » extended to almost a year 
and becane a major task in itself. Random mailing of questionnaires ^ 
however, baued on a list provided by a professional institution 
could not, we believe, produce valid results^ 

In a cross disciplinary study of this type it is easy to 
establish prestige by using the esoteric jargon of both the engineer 
and the eiucat ioriiat , but at the same time lose ones audience in the 
needlessly complicated sentences * This we have attempted to avoid 
and we hope our report will be readily readable by both groups • 

In the section on the curricula we would have wished for more 
information on which to base our decisions but we believe that we were 
obliged to provide the comments included as a basis for further action. 
Present decisions appear to be based on much mor^ flimsy ^♦evidence*' 
than ours and students are being asked to attempt longer, more struc- 
tured courses on what at best might be described as whims. We do not 
-.uggent that a four year course is undesirable - we do suggest that 
more careful consideration ought to be given to what are included as 
compulsory components in the theory component and that further 
consideration be given to practice as a component. Systematic 
curriculum evaluation is clearly needed. Perhaps the spirit of our 
comments is best caught in a comment CP. Snow made concerning the 
contribution Professor (now Lord) P. M.S. Blackett made to the 1959-^5 
war effort. 

He had ''a gift which made him invaluable in the war, and 
which this country has not recognised suf f icientiy | of being able 
to think of practical problems with a kind of depth of insight known 
to very few.'* 

How far are our current curricula encouraging this depth of 

insight? 

The r.roject was ^ team effort but the blame for the content 
and interpretation in the report must be left with the authors. 
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A study of the rt? 1 it lonship between civil engineering practice 
and stuaent co:irces ii: described in the report • In order to make 
the results represen^ai i ve of civil engineering practice considerable 
time was devoted to ^uaiitii'ying the industry. As this work progressed 
it became apparent that availhible resources would enable only that 
part of the induf^try in N.S^W. to be examined. 

The St *»:y waii cut.cori.ed mainly with civil engineers and 
techni ciuiu>, ;^ut becau-^e oi tiieir important role in the industry data 
were collecieu al^c Tor coristruction foremen, albeit on a reduced 
scale cornparea v/iuii iriac collected for engineers and technicians. 

After obtaining quantitative information about the industry 
and those employed in it, selection of the sample in a statistically 
rigourous fashion became possible. 

It was originally thought that a structured interview technique 
would be used but as the development of the instrument for examining 
the tasks of engineers and technicians progressed and reached the 
pilot stage it became apparent that insufficient time was available. 
Thi3f coupxea ;vith the requirements of the sample si^e, forced the 
adoption o/ a ^nailed questionnaire procedure. At this point the 
project co.uaittee decided that the change to mailed questionnaire 
provided an opportunity to examine the utilisation of part of a 
standard civil engineering curriculum, and a separate questionnaire 
was developed, cased on the design section of a curriculum. Thus 
three queotionnaires were eventually distributed. Da Task Analysis 
quest ionnanire aiinea al. collecting data on the tasks performed by 
engineers aad tecaniciaas and their views on training and deficiencies 
in training, 2) a ^^urriculum questionnaire to collect data on the 
utilisation of the compL>nents of a 'standard' curriculum dealing 
with the desig^n of structures, and 5) a simple questionnaire 
distribuced at a lower sampling rate to construction foremen seeking 
information on tne tastes performed and their views on trainings 

The response rate for the Task Analysis questionnaire was ^3 per 
cent, x*or tne Curriculum questionnaire 37 per cent, and for the 
Foreman's questionnaire 21 per cent. 

For mucn of tno data analysis relatively simple techniques 
were found to oe the most efficient and expedient but sophisticated 
procedi^res were ised to follow some guidelines established, and for 
the complete analysis of some sections where we believed the more 
complex programmes haa advantages^ The amount of data collected was 
large but it5^ analysis responded to this approach. The basic analysis 
centred eventually on two levels of employment - engineer and 
technician » and three types of work - design^ construction, and other 
work. In sone cases type of c lalif ication, type of employer, and age 
werf^ used in adaition. 

Tne principal results s owed that engineers engaged on design 
Yidid a different worn: profile f . om engineers engaged in construction, 
tne former nad a larger technical matters component than the latter* 
Economic ana financial matters were of considerable importance to 
enginet^rs, particularly construction engineers and those engaged on 
such work as leasibility studies : management matters were also of 
conside ole import-ance particularly again to construction engineers 
O tad those in tne * other work* group. In the technical matters 
Ej^I e jection which listed 65 * standard* items the items most used by 

construction engineers differed from those most used by design engineers* 
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The study was cor^cerned mainly with civil engineers and 
technicians^ but because of their important role in the industry data 
were collectea also for construction foremeni albeit on a reduced 
scale cornpareu v;Lcxi collected for engineers and technicians* 

Alter obtaining quantitative information about the industry 
and those employed in it^ selection of the sample in a statistically 
rigourous fashion became possible. 

It was originally thought that a structured interview technique 
would be used but as the development of the instrument for examining 
the tasks of engineers and technicians progressed and reached the 
pilot stage it became apparent that insufficient time was available. 
This, couplea ^rith the requirements of the sample size, forced the 
adoption o^.* a .r»ailea questionnaire procedure. At this point the 
project co.u':nLiee decided that the change to mailed questionnaire 
provided an ojportunicy to examine th3 utilisation of part of a 
standard civil en^^ineering curriculum, and a separate questionnaire 
was devolo^^tid^ Ocised on the design section of a curriculum* Thus 
three queotionaaires were eventually distributed, 1) a Task Analysis 
quest ionrxaai re aimed collecting data on the tasks performed by 
engineer::: ana tecanicians and their views on training and deficiencies 
in trainin^Jt 2) a Curriculum questionnaire to collect data on the 
utilisation of ihe components of a 'standard' curriculum dealing 
with the design of structures, and 5) a simple questionnaire 
distributed at a lower sampling rate to construction foremen seeking 
information on the tasi^s performed and their views on training* 

The response rate for the Task Analysis questionnaire was per 
cent, for Lne Curriculum questionnaire 57 per cent, and for the 
Foreman's questiouaaire 21 per cent. 

For much of the data analysis relatively simple techniques 
were found to oe the ;nosb efficient and expedient but sophisticated 
procedures were .ii^ed to follow some guidelines established, and for 
tne complete analysis of some sections where we believed the more 
complex programmes haa advantages* The amount of data collected was 
large but its analysis responded to this approach. The basic analysis 
centred everitually on two levels of employment - engineer and 
technician, and three types of work - design, construction, and other 
work* In soTie cases type of qualification, type of employer, and age 
were used in adaition. 

The principal results showed that engineers engaged on design 
Iriad a dif ferenc worK profile from engineers engaged in constructionf 
tne former nctd h larger tectmical matters component than the latter* 
Economic ana financial matters were of considerable importance to 
engineers, particularly construction engineers and those engaged on 
such work as feasibility studies : management matters were also of 
considerable importance particularly again to construction engineers 
and those in tne 'other work' group# In the technical matters 
section wnich listed 65 'standard' items the items most used by 
construction engineers differed from those most used by « design engineers* 
Also many itenf.s were found to be used either not at all or very little* 
The items in the technical matters section most used by the three groups 
of techniciar.s were similar to engineers in the same work classification 
rather tnan to each other* In general the technician groups used fewer 
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technical items» and within this restricted number of items some 
were used a gre?it deal and many only a little. The technician groups 
•ilso spent more time on manual skills cornpared with the engineers, 
although the latter used them to a significant extent • 

The main deficiencies in training reported were management, ^ 
communication, economic matters, and practical work. Concerning how 
training should be carried out, the major view was that a combination 
course of theory and practical job experience was the superior method. 
Technical efficiency was thought in general to be the main criterion 
in determining success in the job, but for engineers in construction 
work financial efficiency was as important, and completing the project 
possibly even more important. Concerning the future all agreed that 
more "systems" would be used. However, technicians thought new 
materials would probably be as important over the next few years. 

The pattern of responsibility differed between engineers 
and technicians; engineers had much larger responsibility than 
technicians. The pattern of responsibility differed between the 
various types of work, engineers and technicians in construction had 
larger 'man responsibility* and 'plant/equipment responsibility* 
than their colleagues in design work. 

The analysis of the data gathered by the Curriculum 
questionnaire will be reported by the N.S.W. Institute of Technology 
later. 

Analysis of the data gathered by the Foreman's questionnaire 
showed that construction foreman's work is essentially management, 
safety and concrete. 

The problems associated with curriculum development have been 
enunciated and the data collected by a short questionnaire distributed 
to C.A.E's and universities about curriculum objectives and content 
have been analysed and presented. The picture revealed shows that 
much work aeeds to be carried out on the clarification and evaluation 
of objectives and on the determination of the content and processes 
used to attain these objectives in some curricular. 

The particular relevance of the meaning of professionalism 
with respect to the professional engineer in Australia has been studied 
and courses examined for items that could be associated with the 
"production" of an engineer ready in a professional sense to take his 
place in industry without further training. Some schools of civil 
engineering are aware of this need but others appear to be more 
concerned with meeting the preliminary academic requirements for 
membership of the Institution of Engineers, Australia, (rather than 
being concerned with the implications for the overall curriculum posed 
by an acceptance of the traditional meaning of the word professional^ 

oome of the voluntary comments made to the authors by persons 
in the civil engineering industry about civil engineering traxning etc., 
were summarized and collated in a short chapter. 

In chapter 12 recommendations have been made concerning 
1) problems associated with surveys of this type, 2) Engineer training, 
3) Technician training and Future work in general. The overall 
recommendation is that more substantial evidence ought to be sought 
O before additional courses are introduced or existing courses are 
ERIC lengthened concerning the need the course seeks to fill and its 
™" overall aims and objectives. After introduction evidence ought to be 
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in determining success in the job, but for engineers in construction 
work financial efficiency was as important, and completing the project 
possibly even more important. Concerning the future all agreed that 
more "systems" would be used. However, technicians thought new 
materials would probably be as important over the next few years. 

The pattern of responsibility differed between engineers 
and technicians; engineers had much larger responsibility than 
technicians. The pattern of responsibility differed between the 
various types of work, engineers and technicians in construction had 
larger 'man responsibility' and » plant/equipment responsibility* 
than their colleagues in design work. 

The analyses of the data gathered by the Curriculum 
questionnaire will be reported by the N.S.W. Institute of Technology 
later. 

Analysis of the data gathered by the Foreman's questionnaire 
showed tnat construction foreman's work is essentially management, 
safety and con.crete. 

The problems associated with curriculum development have been 
enunciated and the data collected by a short questionnaire distributed 
to C.A.E's and universities about curriculum objectives and content 
have been analysed and presented. The picture revealed shows that 
much work needs to be carried out on the clarification and evaluation 
of objectives and on the determination of the content and processes 
used to attain these objectives in some curricular. 

The particular relevance of the meaning of professionalism 
with respect to the professional engineer in Australia has been studied 
and courses examined for items that could be associated with the 
"production" of an engineer ready in a professional sense, to take his 
place in industry without further training. Some schools of civil 
engineering are aware of this need but others appear to be more 
concerned with meeting the preliminary academic requirements for 
membership of the Institution of Engineers, Australia, (rather than 
being concerned with the implications for the overall curriculum posed 
by an acceptance of the traditional meaning of the word professional). 

oome of the voluntary comments made to the authors by persons 
in the civil engineering industry about civil engineering training etc., 
were summarized and collated in a short chapter. 

In chapter 12 recommendations have been made concerning 
1) problems associated with surveys of this type, 2) Engineer training, 
3) Technician training and 4) Future work in general. The overall 
recommendation is that more substantial evidence ought to be sought 
before additional courses are introduced or existing courses are 
lengthened concerning the need the course seeks to fill and its 
overall aims and objectives. After introduction evidence ought to be 
sought concerning how far these aims and objectives are attained. 

The detailed data collected during the survey have been presented 
in appendices in order that the reader may examine and re-interpret 
if he wishes those areas of particular interest to him. 



3. TERTIARY EDJC^TION. AND SURVEY OBJSCTIVSS 



3>1> TERTIARY EDUCATION 

A relationship between the practice of a vocation nnd the 
training: for that vocation mir.t exist. It should be readily discerned 
and easily demonstrated. If the daily tasks a.;sociited with a 
particular /ocation are examined one would expect to see a relationship 
between these and what is offered during the training for that vocation. 

".Vith this in mind the Australian Commission on Advanced Education 
provided funds for a study of the relationship between the practice of 
civil engineering and the training for it. The study was not limited 
to professional engineers, but included subprofessional staff also. In 
addition, because of their importance in civil engineering, it was 
later decided by the project team th'.t supervisors and foremen should 
be included. Whilst not strictly covered by the commission's stated 
interest in advanced education the view was held that the education of 
foremen, non-existent as it largely is today, could possibly be a part 
of post-secondary or advanced education in the future. 

The whole subject of post-secondary or advanced education in 
Australia was examined by the Committee on the future of Tertiary 
Education in Australia (generally known as the Martin Committee). The 
report* (in two volumes) of this Committee to the Australian Universities 
Commission was published in Augu-^t 196^, after three years work by its 
fifteen members, headed by Professor Sir Leslie Martin. In general, 
the report recommended an expansion and widening of educational 
opportunities beyond the secondary school. It stressed the need to 
build up the resources and raise the quality of the institutions 
offering tertiary level education outside the universities. The 
Commonwealth Government's interpretation of the recommendations of the 
Martin Committee was that Australia, during the next decade (19o5 - 
1975)* should develop advanced education - defined as education beyond 
the completion of a full secondary education or its equivalent - in 
virtually new types of colleges. In accepting this idea the Commonwealth 
Government also accepted a measure of financial responsibility for its 
implementation. 

To assist the C' mmonwealth Government in planning the longer 
term program for the establishment of colleges of advanced education 
a committee was assembled under the chairmanship of Dr I.W. Wark (now 
Sir Ian Wark). There were seven other members drawn fro3 industry, 
both public and private, and academic institutions, across all States. 

The committee was named the Commonwealth Advisory Committee on 
A.dvanced Education. The terms of reference stated that it "shall 
furnish information and advice to the Minister on matters in connection 
with the grant by the Commonwealth of financial assistance: 

a) to Commonwealth Institutions, other than universities, 
teaching at the advanced education level and 

h) to the r>tat*?B in relation to institutions, other than 
universities, t^iaching at the advanced education level, 
whether or not conducted by them." 

Further paragraphs dealt mainly with financial matters, awards 
at institutions concerned with advanced education, and the specific 
exclusion of teacher training colleges. 



The first meeting was held on 29th October 19^5 
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With this in mind the istralian Commission on Advanced Education 
provided funds for a study ot the relationship between the practice of 
civil engineering and the training for it. The study was not limited 
to professional engineers, but included subprofessional staff also. In 
addition, because of their importance in civil engineering, it was 
later decided by the project team th-.t supervi^sors and foremen should 
be included. Whilst not strictly covered by the commission's stated 
interest in advanced education the view was held that the education of 
foremen, non-existent as it largely is today, could possibly be a part 
of post-secondary or advanced education in the future. 

The whole subject of post-secondary or advanced education in 
Australia was examined by the Committee on the future of Tertiary 
Education in Australia (generally known as the Martin Committee). The 
report* (in two volumes) of this Committee to the Australian Universities 
Commission was published in August igS^f , after three years work by its 
fifteen members, headed by Professor Sir Leslie Martin. In general, 
the report recommended an expansion and widening of educational 
opportunities beyond the secondary school. It stressed the need to 
build up the resources and raise the quail ^.y of the institutions 
offering tertiary level education outside the universities. The 
Commonwealth Government's interpretation of the recommendations of the 
Martin Committee was that Australia, during the next decade (1965 - 
1975), should develop advanced education - defined as education beyond 
the completion of a full secondary education or its equivalent - in 
virtually new types of colleges. In accepting this idea the Commonwealth 
Government also accepted a measure of financial responsibility for its 
implementation. 

To assist the Commonwealth Government in planning the longer 
term program for the est^iblishment of colleges of advanced education 
a committee was assembled under the chairmanship of Dr I.W. Wark (now 
Sir Ian Wark). There were seven other members drawn fro-n industry, 
both public and priv/ute, and academic institutions, across all States. 

The committee was namf^d the Commonwealth Advisory Committee on 
/advanced Education. The terms of reference stated that it "shall 
furnish information and advice to the Minister on matters in connection 
with the grant by the Commonwealth of financial assistance: 

a) to Commonwealth Institutions, other than universities, 
teaching at the advanced education level and 

b) to the States in relation to institutions, other than 
universities, t»?aching at the advanced education level, 
whether or not conducted by them." 

Further paragraphs dealt mainly with financial matters, awards 
at institutions concerned with advanced education, and the specific 
exclusion of teacher training colleges. 

The first meeting was held on 29th October 1965» 



♦ Tertiary Education in Australia 

Report of the Committee on the Future of Tertiary Education in 
Australia to the Australian Universities Commission. 

* Appendix B. page 57. 

Colleges of Advanced Education 1967-69. 

Firat report of the Commonwealth Advisory Committee on Advanced 
Education, June 1966, published by Commonwealth of Australia. 



The recommendations were detailed and covered all a.:,pect« 
associated with the development of colleges of advanced education 
across all the Australian States. 

A specific recommendation^ No. V, , concerned a co-ordinated 
program of study and research into the problem of advanced education; 
to be sponsored by the Government on the advice of the Committee, 

The second report of the Committee devoted some apace to thr* 
educational research program^* In sub-^section 8.'i6 the selection 
of four broad areas for research during 1970-7.2 was mentioned, and 
in sub-section 8.18 specific reference is made to the need to study 
the relationships between the colleges and industry - "in particular 
the requirements of future employers for college graduates, T:he advice 
of earlier graduates on course structure » and the needs of industry 
with respect to consulting and investigation demand consideration*" 
This present study therefore arose as a result of this express interest 
by the Commonwealth Advisory Comnfittee on Advanced Education* 
Incidentally^ this Committee has now been replaced by the Australian 
Commission on Advanced Education, with almost completely new membership 
under the chairmanship of Mr T» Swanson. The representation is as 
wide as previously. 

3#2 > Survey Objectives 

The nature of the survey and its objectives, suggested by 
Dr# E.ftichardson, were developed jointly by Dr. Ricnardson, School of 
Education, Macquarie University, and Mr. K# Doyle, Assistant Registrar, 
The New South Wales Institute of Technology. The final submission to 
the Commission for funds was made on the basis of a joint effort by 
the two bodies, supervised by Dr. Richardson and Mr. Doyle- together 
with Dr. G.J. Haggarty, Head of the School of Civil Engineering at the 
N.S.W. Institute of Technology and Mr. G. Hermann, of the School of 
Education, Macquarie University. Unfortunately later Mr. Hermann was 
seconded at short notice by Macquarie University to the Ford Foundation 
in the Philippines* 

The application to the Committee for funds contained a preamble 
dealing with the purpose of the project. It said "Many problem s are 
associated with the preparation of suitable undergraduate courses 
intended to train persons to enter the civil engineering profession. 
A wide range of activities fall within the compass of civil engineering 
and because of this diversity in activities there are many different 
specialisations whose claim for inclusion in a course at a given level 
can be strongly argued* It is thus important when designing a course 
to be able to identify those elements which are essential* It is 
equally important to be able to identify those tasks which are most 
appropriate to a given level of competence (i.e# techniciar or technologist)* 
This proposal is concerned with initiating a research project to obtain 
factual information which will help to establish criteria for identifying 
those elements and tasks* Some reference will also be made to wastage 
rates in existing courses examined as a function of their relevance as 
seen by employer and student (I.e. the employer concerned with only 
one aspect of a course)* 



• Chapter 8, page 68. 
Second report 1970*1972 Commonwealth Advisory Committee on 
Advanced Education published 1969# 



The second report of the Committee devoted some space to the 
educational research program.* In sub-section 8.16 the selection 
of four broad areas for research during 1970-72 was mentioned, and 
in sub-section 8.18 specific reference is made to the need to study 
the relationships between the colleges and industry - "I a particular 
the requirements of future employers for college graduates, the advice 
of earlier graduates on course structure, and the needs of industry 
with respect to consulting and investigation demand consideration." 
This present study therefore arose as a result of this express interest 
by the Common.'.ealth Advisory Committee on Advanced Education. 
Incidentally, this Committee has now been replaced by the Australian 
Commission on Advanced Education, with almost completely new membership 
under the chairmanship of Mr T. Swanson. The representation is as 
wide as previously. 

^>2, Survey Ob.iectives 

The nature of the survey and its objectives, suggested by 
Dr. E, Richardson, were developed jointly by Dr. Richardson, School of 
Education, Macquarie University, and Mr, K, Doyle, Assistant Registrar, 
The New South Wales Institute of Technology. The final submission to 
the Commission for funds was made on the basis of a joint effort by 
the two bodies, supervised by Dr. Richardson and Mr. Doyle together 
with Dr. G.J. Haggarty, Head of the School of Civil Engineering at the 
N.S.W. Institute of Technology and Mr. G. Hermann, of the School of 
Education, Macquarie University. Unfortunately later Mr. Hermann was 
seconded at short notice by Macquarie University to the Ford Foundation 
in the Philippines. 

The application to the Committee for funds contained a preamble 
dealing with the purpose of the project. It said "Many problem s are 
associated with the preparation of suitable undergraduate courses 
intended to train persons to enter the civil engineering profession. 
A wide range of activities fall within the compass of civil engineering 
and because of this diversity in activities there are many different 
specialisations whose claim for inclusion in a course at a given level 
can be strongly argued. It is thus important when designing a course 
to be able to identify those elements which are essential. It is 
equally important to be able to identify those tasks which are most 
appropriate to a given level of competence (i.e. technician or technologist). 
This proposal is concerned with initiating a research project to obtain 
factual information which will help to establish criteria for identifying 
those elements and tasks. Some reference will also be made to wastage 
rates in existing courses examined as a function of their relevance as 
seen by employer and student (i.e. the employer concerned with only 
one aspect of a course). 



* Chapter 8, page 68. 

Second report 1970-1972 Commonwealth Advisory Committee on 
Advanced Education published 1969* 
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This project seen as a means of overcoming the very poor 
feedbaclc from those involved in the practice of engineering to those 
concerned with the academic training of engineers; engineering 
courses tend to be self-perpe tuatinp and courses tend to grow out of 
existing courses (e.g. technician courses from diluted technolo^^ist 
courses) rather than out of the needs of the community which the 
academic institutions serve. 

Although the results will be of direct applicability to 
courses in civil engineering, it is hoped that they will serve as 
a model upon which other courses can be based. This project is 
also viewed as the first part of a long range study which will be 
outlined in the research plan. 

The research plan was split into three parts: 



Part A: - 

1) Complete task analysis of the field of civil engineering; 

a) preparation of a suitable instrument 

b) personal visit to representative firT.s to employ 
instrument 

2) Allocation of tasks e.g. by expert panel, to the 
technologist and technician category, e.g. 

a) skill required, b) responsibility involved, 

c) frequency of task occurrence 

5) Production of suitable curricula at one or more levels, 
or an evaluation of existing curricula to determine which 
cover the task analysis findings roost effectively. 

Analysis etc: a) liberal educ&tion 

b) skill training 

c) core content 

d) 'transfer of training" expectation 

e) articulation, school/post-school and 
technician/ technologist 



Part B ;- 

An investigation of failure/success rates in sandwich and part- 
time day courses in civil engineering at The N.S.W. Institute of 
Technology. Attempts will be made to identify educational, cognitive 
and social reasons for failure (e.g. method of least misfits) xn 
courses as they exist. Particular attention will be given to wastage 
as a function of irrelevance (as viewed by students and their employe 

part C ;- 

To be submitted along with some of Part B for a future research 
proposal . 

Examine the output of the courses in civil engineering; 
a) those who have passed - number of attempts 
E^IS b) those who have dropped out - stage of wastage 



Although the results will be of direct applicability to 
courses in civil engineering, it is hoped that they »ill serve as 
a model upon which other courses can be based. This project is 
also viewed as the first part of a long range study which wxll be 
outlined in the research plan. 

The research plan was split into three parts: 
Part A: - 

1) Complete task analysis of the field of civil engineerings 

a) preparation of a suitable instrument 

b) personal visit to representative firms to employ 
instrument 

2) Allocation of tasks e.g. by expert panel, to the 
technologist and technician category, e.g. 

a) skill required, b) responsibility involved, 

c) frequency of task occurrence 

3) Production of suitable curricula at one or more levels, 
or an evaluation of existing curricula to determine which 
cover the task analysis findings most effectively. 

Analysis etc: a) liberal educ&tion 

b) skill training 

c) core content 

d) 'transfer of training" expectation 

e) articulation, school/post-school and 
technician/technologist 

Part B ;« 

An investigation of failure/success rates in sandwich and part- 
time day courses in civil engineering at The N.S.W. Institute of 
Technology. Attempts will be made to identify educational, cognitive 
and social reasons for failure (e.g. method of least misfits) m 
courses as they exist. Particular attention will be given to wastage 
as a function of irrelevance (as viewed by students and their employers) 

Part C ;- 

To be submitted along with some of Part B for a future research 
proposal. 

Examine the output of the courses in civil engineering: 

a) those who have passed - number of attempts 

b) those who have dropped out - stage of wastage 

Note 1) trend in employment after 3* years, that is, what tasks are 
being undertaken by the technologists and technicians. Is 
there an interchange of employment? If so, is it related 
to a) personality b) aptitude as compared with academic 
qualifications? 
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2) Effect of different course patterns on initial 
employment (between six months and three years). 
Is the sandwich principle as sound in practice as 
theory? 

5) Job satisfaction related to level of training. 
Turnover characteristics. 

The funds made available by the Committee on Advanced Education 
were less than expected but were sufficient ($25,500) to assemble 
a pro;ject team and start the work with expectation of reaching at 
least some of the targets. As work progressed it became apparent 
for a number of reasons, mainly the lack of any data quantifying 
civil engineering and the people who work in it, that only the first 
part of the plan. i.e. Part A, and that only the first two sections 
of this rart A would be reached with any certainty in a meaningful 
way. 

It is perhaps a convenient point to comment on the preparation 
of research objectives and plans for submission when applying for 
funds. It is difficult to plan research, but planning can be made 
easier if objectives are precise. Interaction between objectives 
and planning is obvious. The detailing of the plan leads to an 
appreciation of the resources required to reach objectives. Thus 
the three aspects - objectives, plan and resources should be developed 
in concert. This applies to surveys or research of the sort under 
consideration in this report, and organised planning leads to a 
clearer statement of objectives with a clearer understanding of the 
steps involved in reaching those objectives, and the resources needed 
to reach them. 

A major confusing factor in this present study was the amount 
of data concerning technicians and engineers assumed to exist » which in 
fact did not exist, or did not exist in reliable form. It would seem 
that either advance funds are required, or some fBcility within the 
Department of Education is needed, to formulate effective plans for 
research much as is the general practice in industrial and Government 
Research' organizations. 

In the case of this research project a simple development of 
the plan quickly revealed the magnitude of the task outlined in the 
reseftrch objectives in comparison with the resources allocated to 
reaching the objectives. The result was inevitable - the objectives 
were drastically reduced in number. 

They can be re-stated as follows: 

1) Complete task analysis of the field of civil engineering: 

a) preparation of a suitable instrument 

b) definition of 'population* under study 

c) selection and setting up of a suitable sauple 

d) employment of instruments over sample. 

2) Allooption of tasks to engineer a technician 

e.g. a) skill required, b) responsibility involved, 
c) frequency of task occurrence. 

5) Production of a suitable curriculum or part of, based 
on the results of the survey. 



There were various unstated objectives and fiopes. Not the 
least of these was that the work might pave the way for similar 
studies concerning vocational education. Whilst our optimism did not 
run to the extent o** believing the methodology we developed and adopted 
could and would be applied unaltered tc other vocational studies, we 
nevertheless hoped it could serve as a guide from which better and 
more elegant instruments could be rapidly developed. We certainly 
have gained much invaluable experience for future use. 



The supervising committee appointed, in May 1971, two 
research assistants to work full-time on the project. They were 
Messrs. A.J.U. Bull and M.J. Payne; the former a biologist and 
engineer with wide experience in managing research programs in 
manufacturing industry, the latter with post-graduate qualifications 
and experience in civil engineering. After eight months Mr. Payne 
resigned, and his position was taken by Miss A.Dwight newly graduated 
with strengths in psychology and mathematics. Miss Dwight resigned 
after six months to join the Public Service Board in Canberra. The 
N.S.W. Institute of Technology seconded Miss T. Mcintosh to work 
full-time on the project at the start of 1972. Miss Mcintosh, also 
newly graduated, had strengths in psychology and industrial sociology. 
She returned tc the Institute of Technology at the end of 1972. 
During the last stages of the work in early 1973 Mr. Michael Davis, 
a fourth year student in the School of Education at Macquarie 
University, provided part-time assistance. 

The resources of both Macquarie University and The N.S.W. 
Institute of Technology were made freely available to the survey 
team throughout the duration of the project. 

t 
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CIVIL ENGINEERING. DEFINITIONS ANl> POPUUTION 



4.1. DEFINITIONS 



A number of terms were used in the statement oi" the 
Research Objectives, e.g. civil engineer, civil engineerine, 
technologist and technician, and in. order to avoid confusion it 
was thought desirable to define them early in the study. 

4.1.1. Civil Engineering 



Two definitions of civil engineering are 

1) "The principal branch of engineering concerned with things 
constructed as opposed to things manufactured, mined, grown 
or generated" 

2) "The engineering of systems of constructed facilities" 

Both of these are good simple definitions but one of our 
problems was in drawing the line between wh&t are known traditionally 
as civil engineering works on the one hand, and small buildings such 
as domestic residences on the other hand. Quite clearly we were 
not concerned with small individual domestic residences but domestic 
residences were not entirely excluded because the design and 
construction of a very large block of residential flats or home 
units could utilise the skills of a civil engineering organisation. 
Thus we tended to find that siae of project in domestic residence 
construction afforded a means of drawing a line of demarcation. 
In broad terms therefore domestic building apart from large projects 
involving high rise construction was decided as outside the scope 
of the term "civil engineering". 

« 

4.1.2. Technologist and Tecl.aician 

The term technologist ifi. not used a great deal in Australia. 
The use of the term in the same breath as the use of the term 
technician may be confusing to people unfamiliar with the distinction. 
On the other hand there seems little confusion or misunderstanding 
about the term "technician". In what are usually understood to be the 
professions there is little misunderstanding of the meaning of the 
term sub-professional. However, it is not beyond the bounds of 
possibility that a technologist may be thought of as a super technician, 
or at the top of the sub-professional stratum of activity. 

Because of this we took a closer look at the word engineer, 
and whilst in Australia it has connotations of skilled tradesmanship, 
the word engineer preceded by a descriptive word such as mechanical, 
chemical, electrical, or civil is usually taken to mean a professional 
engineer engaged in the mechanical, chemical, electrical or civil 
fields. All thingn considered and particularly bearing in mind the 
large interaction with the civil engineering industry, that was bound 
to take place, the project team decided to use the term civil engineer 
in place of technologist. This in turn led to a readily understood 
Q distinction between a professional civil engineer on the one hand and 
ERXC sub-professional staff* and technician on the other hand. 



technologist and technician, and in order to avoid confusion it 
was thought desirable to define them early in the study. 

Civil Engineering 



Two definitions of civil engineering are 

1) "The principal branch of engineering concerned with things 
constructed as opposed to things manufactured, mined, grown 
or generated" 

2) "The engineering of systems of constructed facilities" 

Both of these are good simple definitions but one of our 
problems Wi.s in drawing the line between what are known traditionally 
as civil engineering works on the one hand, and small buildings such 
as domestic residences on the other hand. Quite clearly we were 
not concerned with small individual domestic residences but domestic 
residences were not entirely excluded because the design and 
construction of a very large block of residential flats or home 
units could utilise the skills of a civil engineering organisation. 
Thus we tended to find that siae of project in domestic residence 
construction afforded a means of dr=Awing a line of demarcation. 
In broad terms therefore domestic building apart from large projects 
involving high rise construction was decided as outside the scope 
of tne term "civil engineering". 

^.1 .2. Technologist and Technician 

The term technologist is not used a great deal in Australia. 
The use of the term in the same breath a. the use of the term 
technician may be confusing to people unfamiliar with the distinction. 
On the other hand there seems little confusion or misunderstanding 
about the term "technician". In what are usually understood to be the 
professions there is little misunderstanding of the meaning of the 
term sub-professional. However, it is not beyond the bounds of 
possibility that a technologist may be thought of as a super technician, 
or at the top of the sub-professional stratum of activity. 

Because of this we took a closer look at the word engineer, 
and whilst in Australia it has connotations of skilled tradesmanship, 
the word engineer preceded by a descriptive word such as mechanical, 
chemical, electrical, or civil is ustJally taken to mean a professional 
engineer engaged in the mechanical, chemical, electrical or civil 
fields. All things considered and particularly bearing in mind the 
large interaction with the civil engineering industry, that was bound 
to take place, the project team decided to use the term civil engineer 
in place of technologist. This in turn led to a readily understood 
distinction between a professional civil engineer on the one hand and 
sub-professional staff and technician on the other hand. 

The use of the term civil engineer not only has the merit 
of being readily understood in Australia but we believe that 
word engineer has a lot to conmend it from a semantic viewpoint. The 



verb"engineer* in the English language has come to mean the things 
that engineers are expected to do well and has many connotations of 
non-technical activities, e*g» communication^ management, responsibility 
and so on. In fact a good engineer is remembered not only for the 
magnitude of his technical intellect, but also for his ability to get 
things done i.e. produce results in the form of engineering works* 
We felt these shades of understanding should be left in the study and 
could be retained by use of the term civil engineer. In any event the 
term * civil engineering technologist' is not used and does not exist. 

One final thought occurred in connection with the term 
technologist • had it been defined? One attempt that reads well is: 

"technologist has the qualifications and experience 
required for membership of a professional institution. 
A technologist has studied the fundamental principles 
of his chosen technology and should be able to use 
his knowledge and experience to initiate practical 
developments. He is expected to accept a high degree 
of responsibility and in many cases to push forward 
the boundaries of knowledge in his own particular field." 

It seemed that this was not markedly different, from the 
engineer we had in mind, and we were not worried, therefore, about 
replacing, for the purposes of the study, the term technologist 
by the term engineer. 

One could continue indefinitely on the purification of 
definitions, and it is possible that both engineer and technician 
could be defined in an absolute way that would permit of no ambiguity 
or misunderstanding. However, it seemed reasonable, to adopt the 
definitions produced at the international conference of representatives 
from the Engineering Societies of Western Europe and U.S.A, (B.U.S.F..C > • 
in 1933* Both the definition of an engineer and that of a technician are 
rather lengthy but they can usefully form a basis for the purposes of 
this present study. They are as follows: 

a) " A Professional Engineer is competent by virtue of his 

fundamental education and training to apply the scientific 
method and outlook to the analysis and solution of 
engineering problems. He is able to assume personal 
responsibility Tor the development and application of 
engineering science and knowledge notably in research, 
designing, construction, manufacturing, superintending 
and managing and in the education of the engineer. His 
work is predominantly intellectual and varied, and not 
of a routine, mental or physical character. It requires 
the exercise of original thought and judgement and the 
ability to supervise the technical and administrative 
work of others. 

"His education will have been such as to make him 
capable of closely and continuously following progress 
in his branch of engineering science by consulting 
newly published work on a world-wide basis, assimilating 
such information and applying it independently. He is 
thus placed in a position to make contributions to the 
^ development of engineering science or its applications. 

"His education and training will have been such that 
he will have acquired a broad and general appreciation 
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could be retained by use of the term civil engineer* In any event the 
term * civil engineering technologist* is not used and does not exist • 

One final thought occurred in connection with the term 
technologist - had it been defined? One atteiapt that reads well is: 4^ 

'technologist has the qualifications and experience 
required for membership of a professional institution* 
A technologist has studied the fundamental principles 
of his chosen technology and should be able to use 
his knowledge and experience to initiate practical 
developments* He is expected to accept a high degree 
of responsibility and in many cases to push forward 
the boundaries of knowledge in his own particular field*** 

It s.emed that this was not markedly different^ from the 
engineer we had in mind, and we were not worried, therefore , about 
replacing, for the purposes of the study, the term technologist 
by the term engineer* 

One coull continue indefinitely on the purification of 
definitions, and it is possible that both engineer and technician 
could be defined in an absolute way that would permit of no ambiguity 
or misunderstanding* However, it seemed reasonable, to adopt the 
definitions produced at the international conference of representatives 
from the Engineering Societies of Western Europe and U«S»A» (E«U«S«S«C«) 
in 1933* Both the definition of an engineer and that of a technician are 
rather lengthy but they can usefully form a basis for the purposes of 
this present study* They are as follows: 

a) " A Professional Engineer is competent by virtue of his 

fundamental education and training to apply the scientific 
method and outlook to the analysis and solution of 
engineering problems « He is able to assume personal 
responsibility for the development and application of 
engineering science and knowledge notably in research, 
designing, construction, manufacturing, superintending 
and managing and in the education of the engineer* His 
work is predominantly intellectual and varied, and not 
of a routine, mental or physical character* It requires 
the exercise of original thought and judgement and the 
ability to supervise the technical and administrative 
work of others* 

**His education will have been such as to make him 
capable of closely and continuously following progress 
in hie branch of engineering science by consulting 
nevly published work on a world-wide basis, assimilating 
such information and applying it independently* He is 
thus placed in a position to make contributions to the 
development of engineering science or its applications* 

**His education and training will have been such that 
he will have acquired a broad and general appreciation 
of the engineering sciences as well as a thorough 
insight into the special features of his own branch* 
In due time he will be able to give authoritative 
technical advice and to assume responsibility for the 
direction of important tasks in his branch*** 



♦ Technical Education* Comd* 9703, Feb* 1956* H*M.S«0* U*K* 
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The tecr^noiotsist or professional engineer thus seemed well 
on the way to definition* 

Hojtfever, we wore bothered by the adjective professional 
but founa no easy way of avoiding this* A person was, or could 
become a professional engineer if his qualifications permitted his 
or her becoming a member of a recognized engineering institution. 
In Australia such an institution is the Institution of Engineers - 
Australia. However, the Institution states clearly ■«• "the only 
accep-able method of meelLng the initial educational requirements 
of the engineering profession is that of undertaking an ordered course 
of study in an engineering school accredited for the purpose". This 
refers only to educational requirements and whilst one does not deny 
that educational courses tend to determine what sort of label is 
hung around the neck of an individual working in civil engineering, 
the industry itself is quick to point out that this is only a part of 
the issue, the work carried out by that individual influences his status. 
Thus it is not impossible for a civil engineer with the correct 
educational background to give him a label of "professional engineer" 
to be actually performing a so-called sub-professional job. One can 
also recall the General Foreman of a large construction company with a 
five figure salary matching his responsibility who would have no chance 
of ever receiving the label "professional engineer". Tnerefore, whilst 
we used the term professional engineer, for a variety of reasons we 
were not happy with the use of the adjective professional. Perhaps 
the use oi the term chartered engineer has much to commend it. 

Coming to another point, this use of the word professional 
to describe an engineer nas led to the support staff or technicians 
being described as sub-professional staff. A lot of comment has been 
passed about the term sub-professional but it has a very limited meaning. 

Anybody who is not a professional is non-professional. 
The prefix sub both ele^rates^professional^and lowers those labelled 
« sub-pro fessionall The realities of life, however, are such that 
professional with the prefix sub is to many a means of indicating a 
higher status type of job than some other jobs which are thought to 
be lower down the social scale. For our study the term meant nothing 
and whilst perforce we occasionally had to use it, it was of no value 
in defining the sort of person we were interested in. These people 
are known as technicians. To commence with, we took the B.U.S.E.C, 
definition of an engineering technician which reads as follows: 

" An Engineering Technician is one who can apply in a 
responsible manner proven techniques which are commonly 
understood by those who are expert in a branch of 
engineering, or those techniques specially prescribed 
by professional engineers* 

Under general professional engineering direction, or 
following eatablished engineering techniques, he is 
capable of carrying out duties which may be found among 
the list of examples set out below. 

In carrying out many of these duties, competent 
supervision of the work of skilled craftsmen will be 
necessary* The techniques employed demand acquired 
experience and knowledge of a particular branch of 
engineering, combined with the ability to work out the 
details of a task in the light of well-established 
practice. An engineering technician requires an education 



b) 
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In {Australia such an institution is the Institution of Engineers - 
Australia • However, the Institution states clearly "the only 
acceptable method of meeting the initial educational requirements 
of the engineering profession is that of undertaking an ordered course 
of study in an engineering school accredited for the purpose"^ This 
refers only to educational requirements and whilst one does not deny 
that educational courses tend to determine what sort of label is 
hung around the neck of an individual working: in civil engineering^ 
the industry itself is quick to point out that this is only a part of 
the issue t *^he work carried out by that individual influences his status 
Thus it is not iinposr>iblt? for u civil engineer with the correct 
educatioFial background to give him a label of ^^professional engineer** 
to be actually performing a so-called sub-professional job# One can 
also recall the General Foreman of a large construction company with a 
five figure salary matching his responsibility who would have no chance 
of ever receiving the label '^professional engineer"* Ther^fore^ whilst 
we used the term professional engineer, for a variety of reasons we 
were not happy with the use of the adjective professional. Perhaps 
the use of the term chartered engineer has much to commend it. 

Coming to another point, this use of the word professional 
to d^scrioe an engineer nas led to the support staff or technicians 
being described as sub-professional staff. A lot of comment has been 
passed about the term sub-professional but it has a very limited meaning 

Anybody who is not a professional is non-pro fessional# 
The prefix sub both elevates^'professional^'and lowers those labelled 
sub-pro fessionalt The realities of life, however^ are such that 
professional with the prefix sub is to many a means of indicating a 
higher status type of job than some other jobs which are thought to 
be lower down the social scale. For our study the term meant nothing 
and whilst perforce we occasionally had to use it, it was of no value 
in defining the sort of person we were interested in. These people 
are known as technicians. To commence with, we took the E.U.S.E^C. 
definition of an engineering technician which reads as follows: 

b) ^* An Engineering Technician is one who can apply in a 

responsible manner proven techniques which are commonly 
understood by those who are expert in a branch of 
engineering, or those techniques specially prescribed 
by professional engineers. 

•>nt]er general professional engineering direction, or 
following established engineering techniques, he is 
capable of carrying out duties which may be found among 
the list of examples set out below* 

In carrying out many of these duties, competent 
supervision of the work of skilled craftsmen will be 
necessary. The techniques employed demand acquired 
experience and knowledge of a particular bmnch of 
engineering, combined with the ability to work out the 
details of a task in the light of well-established 
practice. An engineering technician requires an education 
and training sufficient to enable him to understand the 
reasons for and pu>^ poses of the operations for which he is 
responsible. The i.ollowing duties are typical of these 
carried out by engineering technicians* 



Basic requirements for a professional engineering course. 
Consolidation of various previous statements, 20 March, 197^ 
Institution of Engineers, Australia. 



"Working on desi^^n and development of engineering plant 
and structures; erecting and commissioning of engineering 
equipment and structures; engineering drawings^ estimating, 
in^pecting^ and tetiting engineering construction and 
equipment; use of surveying instruments; operating, 
maintaining, and repairing engineering machinery, plant 
and engineering services and locating defects therein; 
activities connected with research and development, 
testing of materials and components, and sales engineering, 
servicing equipment, and advising consumers." 

This definition like that of the professional engineer is 
lengthy and we therefore looked for other technician definitions* 
One we particularly liked occurs in "Technicians, Today und 
Tomorrow" by J.T* Young* * It reads: 

"A person expert in applying specific proven techniques 
associated with science and technology; in particular one 
who has undergone a systematic course of instruction 
related to those techniques*" 

We were concerned about the lack of reference to management 
skills in this definition. We liked the reference to both job and 
training but we did not believe there was a hard and fast line drawn 
between a professional engineer who used and knew about management 
techniques and a technician who did not use and did not know about 
them. In fact, there are many engineers who know little or nothing 
about management techniques and many technicians who hold jobs which 
demand the use and knowledge of management techniques. 

There are adequate refe^*ences to the use of management 
skills in the definition of the engineer, and we think that the 
definition of a technician should be extended to also include management 
techniques. Thus the technician not only applying proven techniques 
in technology, but who may also be applying proven management techniques 
e.g. the foreman, supervisor, and overseer, would be covered by the 
def i nition. 

Our definition for a technician would therefore read: 

"A person expert in applying specific proven techniques 
associated with science, technology, and management; 
in particular one who has undergone a systematic course 
of instruction related to these techniques. " 

Whilst all the definitions discussed refer to engineers 
and technicians, in general, we think they can apply to civil 
engineers and civil engineering technicians in particular. 

Summarising then for the purposes of this study a civil 
engineer is defined by the E.U.S*E.C. definition of a professional 
engineer previously mentioned, with the proviso that where the term 
engineer occurs it is qualified by use of the word civil. For a 
civil engin^i^ering technician a modified version of Young^e definition 
is used. 

^.1 .3* Foremen 

O ^ One problem requires further consideration, whilst our definition 

ERjC of a technician has been extended to include management techniques 

associated with technical skills and thus to cover supervision, it is 



activities connected with research and development « 

testing of materials and components, and sales engineering, 
servicing equipment, and advising consumers^** 

This definition like that of the professional engineer is 
lengthy and we therefore looked for other technician definitions. 
One we particularly liked occurs in "Technicians, Today and 
Tomorrow** by J.T. Young# * It reads: 

"A person expert in applying specific proven techniques 
associated with science and technology; in pax'ticular one 
who has undergone a systematic course of instruction 
related to those techniques.'* 

We were concerned about the lack of reference to management 
skills in this definition. We liked the reference to both job and 
training but we did not believe there was a hard and fast line drawn 
between a professional engineer who used and knew about management 
techniques and a technician who did not use and did not know about 
them. In fact, there are many engineers who know little or nothing 
about management techniques and many technicians who hold jobs which 
demand the use and knowledge of management techniques* 

There are adequate references to the use of management 
skills in the definition of the engineer, and we think that the 
definition of a technician should be extended to also include management 
techniques* Thus the technician not only applying proven techniques 
in technology, but who may also be applying proven management techniques 
e.g. the foreman, supervisor, and overseer, would be covered by the 
definition. 

Our definition for a technician would therefore read: 

"A person expert in applying specific proven techniques 
associated with science, technology, and management; 
in particular one who has undergone a systematic course 
of instruction related to these techniques. *• 

Whilst all the definitions discussed refer to engineers 
and technicians, in general, we think they can apply to civil 
engineers and civil engineering technicians in particular. 

Summarising then for the purposes of this study a civil 
engineer is defined by the E. U.S. E.G. definition of a professional 
engineer previously mentioned, with the proviso that where the term 
engineer occurs it is qualified by use of the word civil. For a 
civil engineering technician a modified version of Young's definition 
is used. 

^.1>3# Foremen 

One problem requires further consideration ? whilst our definition 
of a technician has been extended to include management techniques 
associated with technical skills ai d thus to cover supervision, it is 
useful to examine a foreman in isolation. A study of what a foreman 
does led to the development of the following definition: 



* Young, J.T. '^Technicians, Today and Tomorrow** Sir Isaac Pitman 
& Sons, London, ^9^3 • 
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A foreman supervises the work of skilled craftsmen 
(or tradesmen) » and unskilled workers, may also 
work himself as a skilled craftsman or tradesman, 
•tnd r.ay have unaergone a formal course of instruction 
in technical ana management, subjects relevant to his 
work as a civil engineering f oreman/supervisor. 



This definition thus covered the man in whom we were 
interested, but it differed from that dealing with a technician. 
The view has been expressed that civil engineering needs basic 
genertl technicians and more specialised technicians. * In the 
same way our examination had revealed that two categories of 
person were involved - technician and foreman. 

These, however, may not entirely equate with the two 
categories mentioned by Stoker* but the position concerning technicians 
is not simple and uncomplicated, a number of types, or levels of 
activity, are involved. 

It should be borne in mind that in the realities of industry 
there will be areas of overlap between civil enginee^r and technician 
during their everyday activities. An engineer will occasionally do 
technician's work and a top level technician will do engineer's work. 
In addition, the boundaries between what is called engineer's work 
and technician's work will be diffuse. This is unavoidable, but 
poses no problem in the pursuit of the survey objectives. It is the 
substance of the differences that is of interest. 



CIVIL SNGINSSRING POPULATION 



A .2 . 1 . Civil Sngineerinp Data 

There were few data available concerning the oivil engineering 
popui^ition. This was not entirely unexpected, but th.* collection of 
statistics is time consuming and well over six months wer^? spent 
assembling quantitative data on civil engineering of sufficient 
accuracy to enable us to proceed with some confidence to the main study. 
During the course of this work Commonwealth and State Government 
Dewartments were asked for numerical details about their civil 
engineering staff, Local Government instrumentalities were contacted 
in writing or by telephone for simil:itr details, individual private 
consulting organisations were approached about their civil engineering 
staff, a short questionnaire was prepared and circulated to members 
of the Australian Federation of Construction Contractors (the membership 
list being supplied by the Federation), major companies in general 
industry were contacted for information about civil engineering employees 
and every other possible means were used to piece together the data» 
Unhappily, also, it became apparent as the collection of data proceeded 



♦ 1. Kangan, M. The duties and training of foremen. Personnel Practice 
Pallet in (Bulletin of Industrial Psychology and Personnel 
Practice). Vol. 9 No. k Dec, 1953, pp. 32-59. 

2. Mandell, M.M, & Duckworth, P. The Supervisor's Job: A Survey. Personnel 
rn?^ Vol. 51. No. 5 March 1955 pp.456-if62, Sept. 1955 p.75. 

' " >. Poidevin, B.L. The functions of the industrial supervisor. 



This definition thus covered the man in whom we were 
interested, but it differed from that dealing with a technician* 
The view has been expressed that civil engineering needs basic 
general technicians and more specialised technicians. * In the 
same way our examination liad revealed that two categories of 
person were involved - technician and foreman. 

These, however, may not entirely equate with the two 
categories mentioned by Stoker* but the position concerning technicians 
is not simple and uncomplicated, a number of types, or levels of 
activity, are involved. 

It should be borne in mind that in the realities of industry 
there will be areas of overlap between civil engineer and technician 
during their everyday activities. An engineer will occasionally do 
technician's work and a top level technician will do engineer»s work. 
In addition, the boundaries between what is called engineer's work 
and technician's work will be diffuse. This is unavoidable, but 
poses no problem in the pursuit of the survey objectives. It is the 
substance of the differences that is of interest. 



1+.2. CIVIL SiNGINESRING POPUUTION 



^.2.1 . Civil Engineering Data 

There were few data available concerning the civil engineering 
population. This was not entirely unexpected, but thf» collection of 
statistics is time consuming and well over six months were spent 
assembling quantitative data on civil engineering of sufficient 
accuracy to enable us to proceed with some confidence to the main study. 
During the course of this work Commonwealth and State Government 
Departments were asked for numerical details about their civil 
engineering staff. Local Government instrumentalities were contacted 
in wri.ting or by telephone for similar details, individual private 
consulting organisations were approached about their civil engineering 
staff, a short questionnaire was prepared and circulated to members 
of the Australian Federation of Construction Contractors (the membership 
list being supplied by the Federation), major companies in general 
industry were contacted for information about civil engineering employees 
and every other possible means were used to piece together the data. 
Unhappily, also, it became apparent as the collection of data proceeded 



♦ 1. Kangan, M. The duties and training of foremen. Personnel Practice 

Bulletin (Bulletin of Industrial Psychology and Personnel 
Practice). Vol. 9 No. k Dec. 1955, pp. 32-59. 

2. Mandell, M.M. 8f Duckworth, P. The Supervisor's Job: A Survey. Personnel 
Vol. 51. No. 5 March 1955 pp. ^56-^62, Sept. 1955 p.75. 

5. Poidevin, B.L. The functions of the industrial supervisor. 

Personnel Practice Bulletin Vol. 12 No. 1 March 1956, pp. 18-25. 

♦ Stoker, G., Education and Training of Technicians - Report of an 
Expert Conference held at the College of Education (Technical) 
Huddersfield, U.K., Oct. 1966. H.M.S.O. London, U.K. 1967» 
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that our efforts could have to be confined to N«S.W. only; collection 
of iata for the whole of Australia whilst possible^ wouli have left no 
money with which to carry out the main purpose of the study. 

It could be asked why we decided to spend time collecting data 
about civil engineering and the people employed in civil engineering, 
and why we could not have simply sent questionnaires or conducted 
interviews with engineers and technicians selected on some arbitrary 
basis. The answer to this must be that we thought the survey was not 
worth carrying out unless we were sure the results could be related to 
the entire industry. For cum? sample to be representative ^ therefor?^ 
it was necessary to have quantitative information about the entire 
civil engineering industry. 

Had we decided to select a sample on an arbitrary basis no 
data concerning the technicians existed to permit even this. In the 
case of the engineers, the Institution of Engineers, Australia, had no 
infornation relating specifically to the civil engineer segment of 
their membership. They were able to make an estimate of the proportion 
of their members who were civil engineers, but these could only be 
part of the total civil engineers in employment (about 50 percent for 
N.S.W. as we later discovered). 

^#2.2 . Model of Civil Engineering Industry . 

Early in the study a model of the civil engineering industry 
population was devised. It was based on the idea that the industry 
was still substantially organised on traditional lines. It was 
realised, however, that there would be some lack of fit, or misfit in 
some instances, but it was thought that such misfit would occur in 
only a few places. The model selected was three-dimensional; the 
three dimensions being type of employer, type of employee and area of 
work. It can be depicted as follows: 



FIGURE 4>2.1. MODEL OF CIVIL ENGINEERING INDUSTRY 



ERIC 



(0 

C4 



> 



(0 

0 
>> 
O 



Teaching 

General 
Industry 

Contractors 

Consultants 



a. Local Govt. 
M Authorities 



Government 
Departments 



area/type 
of work 



employers of 
civil engineers. 



Sales 



R & D/Investigation 




Feasibility studies, economic 
studies, planning, cost benefit 

analy sea, etc. 

Maintenance 



Construction 



L level of skill 



Design 



basis* The answer to this must be that we thought the survey was not 
worth cai*rying out unless we were sure the results could be related to 
the entire industry. For our sample to be representative t there for*?, 
it was necessary to have quantitative information about the entire 
civil engineering industry* 
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; Had we decided to select a sample on an arbitrary basis no 

i data concerning the technicians existed to permit even this. In the 

case of the engineers, the Institution of Engineers, Australia, had no 
information relating specifically to the civil engineer segment of 
their membership. They were able to make an estimate of the proportion 
of their members who were civil engineers, but these could only be 
part of the total civil engineers in employment (about 50 percent for 
N.S»W. as we later discovered). 

4,2.2 . Model of Civil Engineering Industry . 

Early in the study a model of the civil engineering industry 
population was devised. It was based on the idea that the industry 
was still substantially organised on traditional lines« It was 
realised, however, that there would be some lack of fit, or misfit in 

] some instances, but it was thought that such misfit would occur in 

only a few places. The model selected was three-dimensional; the 

i three dimensions being type of employer, type of employee and area of 

work. It can be depicted as follows: 
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Employees in Civil Engineering 



For dimension A - the areas of work, the model for this 
dimension compared favourably with the labour and Industry survey, 
which was confined to the Professional Engineer Level, but covered 
all engineers. This is shown in the following tablet 

TABLE *»,2>1. Comparison between models of dimension A - areas 

of work, between the present survey and the 
Department of Labour & Industry survey. 



PSESENT SURVEY 


DEPT. OF lABOUR & INDUSTRY SURVEY 




Construction 


Cons'.ruction/Installation 




Design 


Engineering design 


r 


Feasibility studies 


Planning including long range and 
resource planning, evaluation of 
capital. 




Maintenance 


Maintenance of plant, equipment 
and transport. 


' A 


-Research and 
development 


Research/development/experimental 
engineering and testing 


t 

^ ^16 


S^les 


Sales/Marketing 
Management/supervision 
Production Industrial Engineering 
Teaching/Training 



In our study Management/Supervision was excluded as a separate 
area of work since it was decided that rather than being an isolated 
activity, it could only be considered in conjunction with, and as an 
integral part of other areas of work, e.g. Manager of design activities. 
Therefore, although this did not exist as a separate category in our 
classification, elements involved in managerial work were still 
included in our model. Production and Industrial Engineering which 
accounted for only 0.5 percent of the total Australian civil 
engineering population could be (and were) legitimately excluded from 
the study. Teaching/Training had previously been excluded since the 
employment could be regarded as "teaching" rather than civil engineering 
practice. 

The complete three-dimensional model can be reduced to a 
cenos of two dimensional models each concerned with one level of 
nkill. They are represented qualitatively in the following tables, 
wnere X repreaents empty or near empty cells as discerned from 
the Labour & National Service survey and also our knowledge of the 
activities involved. 

1^, 
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As the study of the population progressed the dimension 
i.e. employers of civil engineers was modified as follows: 

a) Government departments were split into two^ via. 
Commonwealth Government - State Government departments ; 

b) Teaching was excluded; 

and the final classification of the E dimension was therefore 

= Commonwealth Government 
Eg « State Government 
E^ = Local Government 
£^ s Consultants 

= Contractors 
Eg = General Industry. 

The listing compared favourably with that used in an earlier 
investigation carried out by the Department of Labour and National 
Service which aimed to * "determine recent trends and changes in the 
pattern of employment of engineers in various industries and to 
obtain current data on the structure and composition of the Profession'^ 



The six levels of skill shown in the model were modified and 
reduced to three levels by including graduates with professional 
engineers as "engineers"; technicians and special technicians were 
grouped together as "technicians"; and a third category of skill, "the 
foreman", was introduced. Whilst the foreman can be regarded as a 
separate category of technician, for a variety of reasons he was placed 
at a separate level of skill in this study. 

Dimension A, area/type of work, at the three different levels 

compri sed 

Level 1 . Engineer 



*11 




Construction 


A 




Design 






Feasibility studies 






Maintenance 


*15 




Research and Development 


*16 




Sales 



Level 2 . Technician 

= Drafting 
^22 * Surveying 

^^9^. A,_ a laboratory work (via* Quality control and materials testing) 

ERJC 25 

" " A^,. » Construction (viz» General Foreman) 



and the final classification of the B dimension was therefore 



= Commonwealth Government 

- State Government 

= Local Government 
E^ - Consultants 
E_ = Contractors 
Eg = General Industry. 

The listing compared favourably with that used in an earlier 
investigation carried out by the Department of Labour and National 
Service which aimed to • "determine recent trends and changes in the 
pattern of employment of engineers in various industries and to 
obtain current data on the structure and composition of the Profession**. 

The six levels of skill shown in the model were modified and 
reduced to three levels by including graduates with professional 
engine^^rs as "engineers"; technicians and special technicians were 
grouped together as "technicians"; and a third category of skill, "the 
foreman", was introduced. Whilst the foreman can be regarded as a 
separate category of technician, for a variety of reasons he was placed 
at a separate level of skill in this sLudy. 

Dimension A, area/type of work, at the three different levels 
comprised:- 

Level 1 . Engineer 

A<j^ s Construction 

A^2 = Design 

A^^ = Feasibility studies 
A^^ = Maintenance 
A-- = Research an^ Development 
A^g = Sales 
Level 2 . Technician 

Ag^ = Drafting 
A22 * Surveying 

A^_ = Laboratory work (viz. Quality control and materials testing) 
^Zk ~ ^^^s^'^^c^io" (via. General Foreman) 



Level 3 . Foreman 



A^^ = Construction 
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TABLE ^.2.a» Level L<. - Engineer 



Employer (E) 




Area of Work (A) 






CONSTRUCTION 


DESIGN 


FEASIBILITY 


MAINTENANCE 


RESEARCH 


SALES 




SYMBOL 






*15 








COMMONWEALTH GOVT. 


1 












X 


STATE GOVT. 


Ep 












X 


LOCAL GOVT. 












X 


X 


CONSULTANTS 










X 




X 


CONTRACTORS 






X 


X 




X 




GENERAL INDUSTRY 

















TABLE ^.2>3, Level L^ - Technician 





EMPLOYER (E) 






Area 


of Work (A) 










DRAFTING 


SURVEYING 


LABORATORY 


BUILDING 








(Draftsmen) 


(Survey 
Technicians) 


WORK 
(MATERIALS 
TESTING & 

QUALITY 
CONTROL) 


& 

CONSTRUCTION 






SYMBOL 




^22 








COMM. GOVT. 
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1 











• 




CONSTRUCTIQ 


DESIGN 


FEASIBILIT 


MAINTENANC 


i=0 

o 
< 

0} 


SALES 
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S3 








COMMONWEALTH GOVT. 














X 


STATE GOVT. 














X 


LOCAL GOVT. 












X 


X 


CONSULTANTS 










X 




X 


CONTRACTORS 


h 




X 


X 




X 




GENERAL INDUSTRY 

















TABLE ^>2,3, Level L- - Technician 



EMPLOYER (E) 






Area of ^ork (A) 






DRAFTING 
(Draftsmen) 


SURVEYING 
(Survey 
Technicians) 


LABORATORY 

WORK 
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TESTING & 
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BUILDING 
& 

CONSTRUCTION 




SYMBOL 


A 

b 1 




A 
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STATE GOVT. 
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CONSULTANTS 






X 
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CONTRACTORS 












GENERAL IKD, 
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! 
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TABLE ^.2.^. Level L, - Foreman 





Symbol 


Area of Work (A) 


Construction 
A 

25 


C WEALTH GOVT. 






STATE GOVERNMENT 


=2 




LOCAL GOVERNMENT 






CONSULTANTS 




X 


CONTRACTORS 






GENERAL INDUSTRY 


h 





4.2. ^. Structure within strata along the dimension - employer 

Since there was no central body which could identify the 
elements included in our sub-populations, so defined, it was 
necessary as mentioned earlier, to approach each of the various 
organizations included within each of the broad categories E^, 
requesting figures on the number of staff at each level and 
their corresponding areas of work. The figures which were compiled 
could only at best serve as estimates of the quantitative 
distributions of the sub-populations. In most cases th*» information 
obtained was incomplete and/or constituted a sample of the 
sub-populations, so that estimates had to be made of the pro-rata 
population figures. It also became evident that the categories 
provided in dimension A were in many cases not exclusive, in that 
employees could be involved in a number of areas of work, and often 
information of this sort was simply unavailable. An interesting, 
although obvious fact is that degree of specialization varies directly 
with the siae of the employing body. Since size of organisation can 
thus influence type of activities performed by the individual this 
may constitute an interesting field of investigation as well as a 
point which should be considered in the sampling design. Keeping 
these factors in mind each of the strata in dimension E was analysed 
in detail and where possible given quantification. 



3TRATUK E1 - COMMONWEALTH GOVERNMENT 

A list of departments employing Civil Engineering staff in 
the Commonwealth Government was obtained from the Commonwealth 
Public Service Board. The figures provided, applied only to 
Professional Staff in Australia as a whole. It was thus necessary to 
build up a picture of the N.S.W. distribution, by approaching each 
individual department. There is a great, dearth of information on area 
of work, since the number of civil engineering staff in each department 
is small, thus not allowing for specialization. The following structure 
was obtained. 



TABLE ^.2.5* 



Department 


Engineer 

T 

L 


Technician 
^2 


Foreman 
L 


Works 


97 


92 




Atoalc Energy 


6 


3 




CiviX Aviation 


12 


10 


4 


Army 


20 


20 


50 


National Dev. 


5 


11 


2 


Totals 


1i*0 


1 136 


145 



STRATUM E2 » STATS GOVERNMENT 

This stratum consists of a number of large departments 
with clearly differentiated and specialized activities. These 
organisations undertake large civil engineering projects and thus 
employ a range of civil engineering specialists to de>*l with each 
state of the project, viz. planning, design construction and 
maintenance. Thus employees are fairly readily classified according 
to area of work. 



TABLE 4.2.6. STATE GOVERNMENT 





11 

C 


^2 
D 


n^^rs 

^15 
F 


^^14 
M 


*15 
R 


Total 


^21 
Draft 


Techni 

''^22 
Survey 


:ians 

1 

23 1 
Lab C 


24 

lonst < 


Total 


Si 

Construct- 
ion 


MAIN ROADS 


200 


72 


66 


0 


0 


348 


522 


5 


168 

V 


2 


697 


242 


M.W.S. & 
D, Board 


105 


117 


58 


24 


0 


304 


327 


47 


27 


27 


428 


1,071 


RAILWAYS 


24 


42 


0 


50 


0 


116 


48 








63 


65 


PUBLIC WORKS 


181 


42 


39 


4 


4 


270 


35 


0 


0 


185 


220 


53 


HOUSING COMM. 


8 


12 


0 


5 


0 


23 


12 


0 


0 


21 


33 


8 


BLECTMCITY 
COMM. 


15 


59 


6 


0 


0 


60 


45 


0 


0 


63 


108 


3 


MAHITIKK nKSV. 


18 


24 


0 


0 


3 


45 


39 


1 


11 


0 


51 


25 


MOTOK I'kANS. 


0 


5 


0 


0 


0 


5 


16 


0 


0 


0 


16 


19 


CON;UERVATION 












220 










148 


56 


TOTALS 
(ESTIMATES) 


654 


417 


209 


97 


14 


1,391 


1,147 


53 


247 


317 ' 


1,766 


1,590 


PROPORTIONS 


0.47 


0.30 


0.15 


0.07 


0.01 


1.00 


0,65 


0,03 


0.14 


0.18 


1.00 


1.00 



ST RATUM E3 - LOCAL GOVERNMENT 



From a total of 92 municipalities and 155 shires compiled from 
Local Government I97I List of MunicipalitieSi Shires, County Districts, 
and Urban Areas, a sample was taken which provided the following 
estimates pertaining to number of staff at each level and within each 
area of work. Since, however, the number of staff employed is small 
seldom more than twenty employees are usually required to work in 
several of the activities listed. 

TABLE ^.2.7 . LOCAL GOVERrmENT 



I 



1 
! 

i 


Enscineers B Technicians 


Foremen 


c 


A 

D 


F 


*1if 
M 


R 


Total 


Draft 


^22 
Survey 


^25 
Lab 


Const . 


Total 


Total 


^WNICIPALITIES 
] SHIREzi 






.16 


.19 




1.00 


.25 


.55 


.03 


.15 


1.00 




.57 


.27 


.16 


.19 




1.00 


.52 


.52 


.16 


.12 


1.00 




; TOTALS 
(ESTIMATES) 


105 


1 

90 




57 




500 


110 


^7k 


38 


56 


378 




; PROPORTIONS 


0.55 

L 


0.30 


0,16 


0.19 


_I 


1.00 


0.29 


0.46 


0.10 


0.15 


1,00 


1,00 



STRATUM Ek ■ CONSULTANTS 

A list of companies was compiled from *^The Association of 
Consulting Engineers* List of Members", and supplemented by the Pink 
Pages section of the telephone directory headed "Engineers - Consulting". 
Details concerning the staff employed were obtained for each company 
and a distribution of companies according to size was compiled. Sise 
was measured by the total number of civil engineering employees* This 
distribution is shown in Figure 4.2#2. 

The estimated numbers are:- 
TABLE k.Z.Q. CONSULTANTS 



Engineers 

*12 
Design 


^ 

Technicians 1 

Drafting 


552 


804 



STRATUM E3 - CONTRACTCRS 

A brief questionn *as circulated to members of the 
Australian Federation of ^ \ction Contractors seeking details 
of numbers of staff employ--* "^hie was supplemented by consulting 
the Pink Pages section of the Telephone Directory headed "contractors", 
and where necessary, figuos on number of staff employed at each level 




were obtainea for each company. The final estimates obtained 
are as follows: 



TABLE k.l^9 . CONTRACTORS 





Engineers 


Technicians 




Foremen 




C 


Total 


Draft 


Survey 


Lab. 


Const. 


Total 


Total 


TOTALS (ESTIMATES) 


357 


55? 


66 




52 


165 


351 


669 


' PROPOHTIONS 
1 , . — 


1.00 


1.00 


' 0.20 


I 

i 0.1^ 


0,16 


0.50 


1.00 


1.00 



The distribution of companies according to size, where size is 
measured by the total number of staff at each level of civil 
engineering, appears in Figure ^.2. J. 



STRATUM S6 > GENERAL INDUSTRY 

Only a small number of companies it appears employ civil 
engineering staff in New South Wales. A list was compiled from the 
"Classific:»tion and Classified List of Industries" of the Commonwealth 
Bureau of Census & Statistics, and various business journals. A 
summary of the final estimates is given in Table ^.2.10^ 



TABLE ^.2.10. GENERAL INDUSTRY 





Engineers 


Technicians 


Foremei 














Total 


Draft 


Survey Lab. 


Const. 


Total 


Total 


1 

TOTALS 

(ESTIMATES) 




24 


5 


9 


2 


59 


113 


76 


27 


15 


11 


129 


152 
— 1 


PROPORTIONS 


0.30 


0.21 


0.0k 


0»08 


0.02 


0.5^ 


1.00 


0.59 


0.21 


0.12 


0.09 


1.00 


152 J 



Detailed analysis of each of the strata in dimension B involved 
considerable time and effort but eventually data were collected and 
assembled. The degree of misfit turned out to be small. For instance, 
the concept of the project engineer has become increasingly popular 
although there are not many organisations yet that use this person 
extensively. The model described does not provide a position for the 
project engineer precisely. Another area of misfit arose when it was 
found that no slots were provided for traffic engineering and town 
planning, but whilst very important, the number of traffic engineers 
or people engaged in grappling with the problems of town planning 
and pedestrian and vehicular traffic is still small* 

ERjC 4.2.^. Quantification of Population Models. 





fiufitiaeers 


Teehnieians 




C 


Total 


Draft 


Survey 


Lab. 


Const. 


Total 






557 


357 






52 


165 


531 




I 

' PROPORTIONS 


1.00 


1.00 


! 

' 0.20 i 0.14 

1 1 


0.16 


0,50 


1.00 


1.00 

1 



The distribution of companies according to siae, where size is 
measured by the total number of staff at each level of civil 
engineering, appears in Figure 4.2.3* 



STRATUM S6 - GENERAL INDUSTRY 

Only a small number of companies it appears employ civil 
engineering staff in New South Wales. A list was compiled from the 
"Classification and Classified List of Industries" of the Commonwealth 
Bureau of Census & Statistics, and various business journals. A 
summary of the final estimates is given in Table 4.2. 10# 



TABLE 4.2.10. GENERAL INDUSTRY 





Engineers 


Technicians 


Foremen 














Total 


Draft 


Survey Lab. 


Const • 


Total 


Total 


TOTALS 
(ESTIMATES) 


1 

34 


24 


5 


9 


2 


39 


115 


76 


27 


15 


11 


129 


152 
— 1 


PROPORTIONS 


0.30 


0.21 


0.04 


0,08 


0.02 


0.54 


1.00 


0.59 


0.21 


0.12 


0.09 


1.00 


152 , 



Detailed analysis of each of the strata in dimension E involved 
considerable time and effort but eventually data were collected and 
assembled. The degree of misfit turned out to be small. For instance, 
the concept of the project engineer has become increasingly popular 
although there are not many organisations yet that use this person 
extensively. The model described does not provide a position for the 
project engineer precisely. Another area of misfit arose when it was 
found that no slots were provided for traffic engineering and town 
planning, but whilst very important, the number of traffic engineers 
or people engaged in grappling with the problems of town planning 
and pedestrian and vehicular traffic is still small* 



4.2.4. Quantification of Population Models. 

The "final" quantitative information on the population in 
civil engineering is shown in the following Tables 4*2.11 - 4.2.15, 
This applies to N.S.W. only* 
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FIGURE ka,Z * 

DISTRIBUTION OF C 'NSULTING SNGTNEERING FIRMS IN N.S.W. IN TERMS OF SIZE 
AS MEASURED BY THE TOTAL NUMBER OF EMPLOTsES INVOLVED IN THE FIELD OF 
CIVIL ENGINEERING 
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FIGURE k.Z.} . 

DISTRIBUTION OF POPULATION Of CONTRACTORS IN N.S.W. ACCORDING TO SIZE 
WHERE SIZE IS MEASURED BY THE NUMBER OF CIVIL ENGINEERING STAFF 
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TABLE 4.2.11. QUANTITATIVE MODEL OF ENGINEER LEVEL (N.S.W. ) 



; 

; 


i 

1 

1 

1 

r 


Construc- 
tion 

^11 


Design 
^12 


Feasi- 
bility 


Mainten- 
ance 


Reseairch 


Sales 
^16 


Totals 






No. 


Prop, 


No. 


Prop. 


No. 


Prop. 




^Jo. 


Prop. 


No. 


Prop 


. No. 


Prop. 


COMM. GOVT. 


1 

E^i 


kk 


0.25 


88 


0.50 


36 


0.20 


2 


0.01 


f 


.04 






177 

' r f 


0.06 


STATE GOVT. 








417 












14 


.01 






1 ^Q1 




LOCAL GOVT, 




105 


0.35 


90 


0.30 


48 


0.16 


57 


0,19 




• 






300 


0.10 


CONSULTANTS 








522 


1.00 


















332 


0.19 


CONTRACTOKo 




357 


1.00 






















357 


0,13 


GEN. IND. 


h 


3^ 


0.30 


24 


0.21 


5 


0.04 


9 


0.08 


2 


.02 


39 


.34 


113 


0.04 


TOTALS 




1,193 




1,171 




298 




165 




23 




39 




2,890 


PROPORTIONS 






0.41 




0.41 




0.10 




0.06 




0.01 




0.01 


1.00 



TABLE 4.2.12. QUANTITATIVE MODEL OF TECHNICIAN LEVEL (N.S.W.) 





^21 


A51 


Si 






Draft 


log — 




Constructio! 


a Totals 


No. 


Prop. 


No. 


Prop. 


No. 


Prop. 


No. 


Prop. 


No. 


Prop. 


COMM. GOVT. 


85 


0.65 


3 


0.02 


14 


0.11 


28 


0.22 


130 


0.037 


STATE GOVT. 


1,148 


0.65 


53 


0.03 


247 


0.14 


318 


0.18 


1,766 


0.500 


LOCAL GOVT. 


110 


0.29 


174 


0.46 


38 


0.10 


56 


0.15 


378 


0.107 


CONSULTANTS 


804 


1.00 














804 


0.227 


CONTRACTORS 


66 


0.20 


48 


0.14 


52 


0.16 


165 


0.50 


331 


0.094 


GEN. IND. 


76 


0.59 


27 


0.21 


15 


0.12 


11 


0,09 


129 


0.036 


TOTALS 


2,289 




305 




366 




578 




J, 538 




PhOPORTIONS 




0*65 




0.09 




0.10 




0.16 




1.00 
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TABLE ^.2.13. QUANTITATIVE MODEL OF FOREMAN WEt 













Sl 




Construction 




No. 


Prop* 


COMM. GOVT. 




0.05 


STATE GOVT. 


1,590 


0.53 






0,15 


CONSULTANTS 


0 


0 


CONTRACTORS 


669 


0.22 


GEN. IND. 


152 


0.05 


TOTAL 


3,009 


1,00 



As nentloned above the tables refer only to N.S.W. This 
limitation arose solely because of the limitation on resources. 
Information was collected from the Government Departments in 
Victoria but it was realised reluctantly that we could not carry 
this through to cover the whole of Victoria and still have sufficient 
time and money to reach the first main objective of the study* 

Whilst N.S.W. is not Australia, and Victoria differs in 
some respects from N.S.W., it is hoped that information on the civil 
engineering population for Australia as a whole could be inferred 
from what has been determined for N.S.W. Information on training 
institutions was obtained from all States. 
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SAMPLS DESIGN AND SELECTION 



5.1. SAMPLE SIZE 

The choice of sample design depends on the physical distribution 
of the population, the resources available^ the characteristics to be 
studied and on the research objectives* If the sample selection is 
made to correspond with the variances in the characteristic under 
investigation, standard error will be reduced and if the populations' 
distribution and properties are accounted for in the design the 
expenditure by using a reduced sample size can be lowered without loss 
in the precision of the estimates* Thus sample design is complex. 
In addition it is of great importance and we obtained advice from an 
expert to ensure the methods we used and the sample we selected 
rep^resented the population, fmd so made sure that the results we 
obtained and any conclusions drawn from them were valid. 

Examination of the population distribution showed the following 
major factors which may influence this choice - 

(a) clustering - the elementary sampling units fell naturally 
into clusters, or groups, vis. departments, companies, 
municipalities and shires. 

(b) size - the size of the emploving organisation influenced the 
degree of specialisation or v^iety of activities performed 
by its employees and thus can be said to contribute to the 
variance in pattern of job activities. 

(c) stratification - the population was distributed unequally 
amongst the various cells of the frame (tables 2«>4). Both 
dimensions E and A would appear to influence the type of 
activities performed by the employee so that each cell 
represents a relatively homogeneous group in contrast to the 
total population. 

After consideration of these points it was decided to use a 
stratified sampling procedure since stratification ensures adequate 
representation from each sector of the population. Where strata 
are arranged so that elements within strata are relatively homogeneous 
and differ greatly from elements in other strata with respect to task 
profile (the variable to be estimated) stratification considerably 
reduces the standard error. Where the sub-populations within strata 
have different distribution and characteristics stratification allows 
for different sample designs and procedures to be used to suit each 
stratum, whilst still allowing the stratum estimates to be combined to 
form an estimation of the total population parameter. 

Of the dimensions used to characterise the population only the 
dimension - type of employer, satisfied the criteria for stratification. 
Area of work could not be used because some employees are employed in 
more than one area of work, e.g. in the case of the project engineer. 

Three separate questionnaires were distributed amongst the 
population, each designed tu emalyee the structure and elements involved 
in civil engineering practice (see Chap. 6.1. ), which deals with the 
development of the questionnaires or schedules). The Task Analysis 
Questionnaire, and the Curriculum Questionnaire were distributed to 
o levels 1 and 2 (engineers and technicians), whilst the Foreman's 

ERJC Questionnaire was distributed only at level 3 (foremen). 



Studied and on tho research objectives* If the sanple selection is 

made to correspond with the variances in the characteristic under 
investigation, standard error will be reduced and if the populations* 
distribution and properties are accounted for in the design the 
expenditure by using a reduced sample size can be lowered without loss 
in the precision of the estimates* Thus sample design is complex. 
In addition it is of great importance and we obtained advice from an 
expert to ensure the methods we used and the sample we selected 
represented the population, and so made sure that the results we 
obtained and any conclusions drawn from them were valid. 

Examination of the population distribution showed the following 
major factors which may influence this choice - 

(a) clustering - the elementary sampling units fell naturally 
into clusters, or groups, viz. departments, companies, 
municipalities and shires. 

(b) size - the size of the employing organisation influenced the 
degree of specialisation or variety of activities performed 
by its employees and thus can be said to contribute to the 
variance in pattern of job activities. 

(c) stratification - the population was distributed unequally 
amongst the various cells of the frame (tables 2-4). Both 
dimensions E and A would appear to influence the type of 
activities performed by the employee so that each cell 
represents a relatively homogeneous group in contrast to the 
total population. 

After consideration of these points it was decided to use a 
stratified sampling procedure since stratification ensures adequate 
representation from each sector of the population. Where strata 
are arranged so that elements within strata are relatively homogeneous 
and diff«»r greatly from elements in other strata with respect to task 
profile Cthe variable to be estimated) stratification considerably 
reduces the standard error. Where the sub -populations within strata 
have different distribution and characteristics stratification allows 
for different sample designs and procedures to be used to suit each 
stratum, whilst still allowing the stratum estimates to be combined to 
form an estimation of the total population parameter* 

Of the dimensions used to characterise the population only the 
dimension - type of employer, satisfied the criteria for stratification. 
Area of work could not be used because some employees are employed in 
more than one area of work, oe.g. in the case of the project engineer. 

Three separate questionnaires were distributed amongst the 
population, each designed to analyse the structure and elements involved 
in civil engineering practice (see Chap. 6.1.), which deals with the 
developB»nt of the questionnaires or schedules). The Task Analysis 
Questionnaire, and the Curriculum Questionnaire were distributed to 
levels 1 and 2 (engineers and technicians), whilst the Foreman's 
Questionnaire was distributed only at level 3 (foremen). 

The sample sizes for each level, and for each questionnaire were 
decided upon in light of the following considerations: 

(1) Method of Response - The impersonal mass distribution of 
questionnaires (discussed later) made it necespary to inflate the sample 
sise by about 30 per cent to allow for a possible high non-response rate* 
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(This did not eventuate as it happened; our response rate was greater 
than k3 per cent, c.f. the P.E, Consulting Group (Australia) Pty. Ltd. 
survey where 56 per cent retrun rate was obtained. Our questionnaire 
was long and required more than one hour to cooplete, and much time 
and effort on our part was devoted to obtaining this comparatively high 
return rate. We were anxious that any conclusions drawn referred to 
the real population and not just the enthusiasts who readily returned 
the questionnaire. Prc^files of response taken at various times 
(discussed later - Chap. 7.) showed clearly that the response pattern 
did not vary with time.) 

(2) Variance - Since levels 1 and 2 contained more variability 
in types of activities performed than level >» a larger sample was 
t.tiken • 

(5) ?ype of Schedule - Since "Schedule B"* was a detailed analysis 
of "Design" activities, constituting an extension of the more general 
and fundamental "Schedule A"*, a smaller sample size was chosen for 
this schedule* 

(4) Analyses - Since Schedule A and B were to be distributed at 
both levels 1 and 2, a comparison between these could be readily made. 
To enhance this equal sample sizes were taken for each of these levels. 

(5) Resources - The amount of time and money which could be 
allotted to the distribution and collection of questionnaires was limited* 

With these points in mind, the Research Committee decided upo»» the 
following overall Sample Sizes, which are presented in Table 5»'*» 
together with their corresponding percentages (approximations only) of 
the population. 

TABLE 5.1.1 . SAMPLE SIZES 





Schedules 






Level 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Foreman • s 
Questionnaire 


Totals 




Sise 


% 


Size 




Size 


% 


Size 




1 


400 


14 


300 
(N^c) 


10 






700 


24 


2 


400 
(N2t) 


11 


300 
(Ngc) 


9 






700 


20 


3 










300 
(HjE) 


10 


300 


10 


TOTALS 


800 


9 


600 


6 


300 


3 


1,700 


18 



Using the strati ficst ion procedure, the sample sizes of Table 5.1.1. 
were divided proportionately among the strata Eg, with weights We as 
shown in Tables 5-1.2., 5.1.3.» and 5.1.^., where W© represent the ratio 
Q ^f elements within strata (B) relative to the total population. 

^Wote t Sample Sizes indicate the number of elementary sampling units. 



th9 qutstionnairt* Profilvs of va^oxmm taktn At various tists 

(discussed later - Chap, ?.) showed clearly that the response pattern 
did not vary with time*) 

(2) Variance • Since levels 1 and 2 contained more variability 
in types of activities performed than level 3« a larger sample was 
taken. 

(3) Type of Schedule - Since "Schedule B"* was a detailed analysis 
of "Design" activities, constituting an extension of the more general 
and fundamental "Schedule A"*, a smaller sample siae was chosen for 
this schedule. 

ik) Analyses - Since Schedule A and B were to be distributed at 
both levels 1 and 2, a comparison between these could be readily made* 
To enhance this equal sample sises were taken for each of these levels* 

(3) Resources - The amount of time and money which could be 
allotted to the distribution and collection of questionnaires was limited* 

With these points in mind, the Research Committee decided upon the 
following overall Sample Slses, which are presented in Table 3*1t 
together with their corresponding percentages (approximations only) of 
the population* 

TABLE 5.1*1. SAMPLE SIZES 





Schedules 






Level 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Foreman's 
Questionnaire 


Totals 




Size 




Si 20 


% 


Size 




Size 


% 


1 


^00 
(K^M 




300 
(N-^c) 


10 






700 


2k 


2 


^00 

(Nat) 


11 


500 
(N2C) 


9 






700 


20 


5 










500 
(HjB) 


10 


300 


10 


TOTALS 


800 


9 


600 


6 


300 


3 


1,700 


18 



Using the stratification procedure, the sample sizes of Table 5*1 ^l* 
were divided proportionately among the strata S^, with weights as 
shown in Tables 3.1*2., 3*1. 3* t and 3*1 where We represent the ratio 
of elements within strata (E) relative to the total population* 

Note ; Sample Sizes indicate the number of elementary sampling units. 



* Schedule A » Task Analysis Questionnaire (called Survey Schedule 

for field work) 
Schedule B s Curriculum Questionnaire 
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TABLE 3«1«a» SELECTION OF THE SAMPLE - ENGINEER LEVEL - L1 



= 700, 






= 500 






Weights ' 

1 

H i 

e 


Sample Size 


Sample Size 


Total 




i ctoi\ HIiClX • 

N T 
e 


w LCX X 14X vl*t* ^ • 

N C 


Samnle 
Size N 


Commonwealth Govt. 


0.06-1 




18 




State Government 


0.^81 


192 


1^5 


557 


E- Local Government 
5 


0.10^ 


^2 


51 


75 


E|^ Consultants 


0.191 


76 


57 


155 


E-. Contractors 
> 

iZ^ General Industry 


0.12^ 


50 


57 


87 


0.059 


16 


12 


26 


TOTAL 


1.000 


^♦00 


500 


700 



TABLE 5.1.5 . SELECTION OF THE SAMPLE - TECHNICIAN LEVEL - L2 



N2 = 700, 



N^T = ^00 



NgC = 500 



' 1 

stratum ! Weights : 


1 

Sample Size 


Sample Size 


Total 


£ 


HI 

e 


Task Anal.Q. 

N T 
e 


Curriculum Q. 

N C 
e 


Sample 
Size N 

e 


E^ Commonwealth Govt. 
1 


0.057 


15 


11 


26 


E State Government 


0.499 


199 


150 


549 


E_ Local Government 
5 


0.107 


45 


52 


75 


Consultants 


0.227 


91 


68 


159 


Ec Contractors 
5 


0.094 


58 


28 


66 


Eg General Industry 


0.056 


14 


11 


25 


TOTAL 


1.000 


400 


500 


700 



TABLE 5.n4. SELECTION OF THE SAMPLE - FOREMAN - LEVEL 5 



ERIC 





= 500, 


N^T = 


500 






Stratum 


Weights 


Sample Size 


Total 








W 

e 


Foreman* s 


Sample Size 






E 


Questionnaire 






Commonwealth Govt. 


0.076 


25 


23 






State Government 


0.504 


151 


151 






Local Government 


0.160 


48 


48 






Contractors 


0.212 


64 


64 






General Industry 


0.048 


14 


14 









NT 
e 




Size 


Commonwealth Govt. 






10 


Up 


E2 State Government 








f 


E. Local Government 








7^ 


E|^ Consultants 










Ec, Contractors 








87 


Ey- General Industry 


0.059 


16 


12 


28 


TOTAL 


1.000 


/♦oo 


300 


700 



TABLE 5.1.3 . SELRCTION OF THE SAMPLE - TECHNICIAN LEVEL - L2 



N^ = 700, NpT = ^00 N2C = 300 



.... ^ 

Stratum j 


Weights 


1 

Sample Size 


Sample Size 


Total 


E 


W 

e 


Task Anal.Q. 

N T 
e 


Curriculum Q. 

N C 
e 


Sample 
Size N 

e 


E^ Commonwealth Govt. 


0.037 


15 


11 


26 


E2 State Government 


0.k99 


199 


150 


5^9 


E^ Local Government 


0.107 


1 45 


32 


75 


Consultants 


0.227 


91 


68 


159 


E^ Contractors 


0,09k 


58 


28 




E^ General Industry 


0.056 


1^t 


11 


25 


TOTAL 


1.000 


: 

ifOO 


500 


700 



TABLE 5.1,4 > SELECTION OF THE SAMPLE - FOREMAN - LEVEL 3 
N, = 300, N,T = 300 



Stratum 
E 


Weights 
W 

e 


Sample Size 
Foreman* s 
Questionnaire 


Total 
Sample Size 


Commonwealth Govt. 


0.076 


23 


23 


Eg State Government 


0.50^ 


151 


151 


E^ Local Government 


0.160 


U8 


kb 


Contractors 


0.212 


Sk 


ek 


E^ General Industry 


0.0^^8 


^k 


^k 


TOTAL 


1.000 


500 


300 




28. 



5. a. SAMPLE SELECTION 

5.2.1. COMMONWEALTH GOVERNMENT - N.S.W. nFgTnKS O MT.y , STRATUM E1. 

Elementary sampling units are clustered into a small number of 
Departments with clearly differentiated activities and as such form 
different strata ratner than clusters, which should be basically 
homogeneous in structure. The sample sizes at each level, were thus, 
proportionately stratified across all of the Departments to obtain 
the final sample sizes for each, as shown in Tables 5.2.1.1. to 5»2.1*5» 

TABLE 5.2.1.1. LEVEL 1 - ENGINEKRS 



Department 


Weight 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 

Sample 

Size 


Works 

Atomic Energy 
Civil Aviation 
Army 

National Dev. 


0.69 
0.0k 

0.09 
0.1^* 

O.O^t v 


17 
1 
2 

3 
1 


12 
1 
2 
2 
1 


29 
2 

k 

5 
2 


TOTALS 


1.00 


Zk 


18 


kz 


TABLE 5.2.1.2. 


LEVEL 2 


- TECHNICIANS 







Department 


Wexght 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 

Sample 

Size 


Works 


0.68 


10 


7 


17 


Atomic Energy 


0.02 


1 


0 


1 


Civil Aviation 


0.07 


1 


1 


2 


Army 


0,15 


1 


2 


k 


National Dev. 


0.08 


1 


1 


2 


TOTALS 


1.00 


15 


11 


26 



TABLE 5.2,1.3. LEVEL 3 - FOREMEN 



Department 


Weights 


Foremem * s 
Questionnaire 


Sample Size 


Works 

Atomic Energy 
Civil Aviation 
Array 

National Dev. 


0.58 
0.05 
0.05 
0.55 
0.01 


15 
1 

1 

8 

0 


15 
1 

1 

8 

0 


TOTALS 


1.00 


23 


25 



3>2>2. 



STATE GOVERNMENT - n.S.W. ONLY - STRATUM E2 



Again this stratum consisted of a number of Departments with 
their own specialized areas of activity, and as such should each 
be represented in the sample selection. The large size of these 
departments, made it possible to allocate units to "Aretis of Work". 
Since this strata represented approximately 30% of the total 
population, a twodimensional stratification, was chosen because it would 
greatly raise the precision of estimates although it could not be 
attempted in less clearly defined strata. The samples at each level 
were weighted proportionately across the Departments and then across 
"Area of Work". The final weights and sauple sizes are shown in 
Tables 5.2.2.1. - 5.2.2.5. 



TABLE 5.2.2.1 . 



LEVEL 1 - ENGINEERS 



Department 


Weights 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 

Sample 

Size 


Main Roads 
M.W.S.&D.B. 
Railways 
Public Works 
Housing Commission 
Electricity 
Commission 
Maritime Services 
Motor Transport 
Water Conservation 


0.250 
0.219 
0.085 
0,19** 
0.01? 

0.0^5 

0.032 
O.OO^f 
0.158 


^f8 
k2 
16 
57 
5 

8 

6 

1 

51 


36 
32 
12 
28 
2 

6 

5 
1 

25 


8^ 

7^ 
28 

65 
5 

11 
2 
5^ 


TOTALS 


1.000 


192 


1^5 


537 


TABLE 5.2.2.2. 


LEVEL 2 


- TECHNICIANS 







Department 


Weights 


Task Analysis 


Curriculum 


Total 




Questionnaire 


Questionnaire 


Sample 








Size 


Main Roads 


0.59^ 


78 


59 


157 


M.W.S.&D.B. 


0,2k2 


48 


56 


84 


Railways 


0.057 


7 


6 


15 


Public Works 


0.125 


25 


19 


44 


Housing Commission 


0.019 


k 




7 


Electricity 


O.O6I 


12 


9 


21 


Commission 






10 


Maritime Services 


0.029 


6 


4 


Motor Transport 


0.009 


2 


1 


5 


Water Conservation 


0.084 


17 


15 


30 


TOTALS 


1.000 


199 


150 


5^9 
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TABLE 5>a»a>3 . LEVEL ? - FOREMEN 



Department 


wexgnts 








Anal vai ft On ^af". ion nail*© 


Size 


Main Roads 






2^ 


M.W.S.&D.B. 








Railways 




c 

0 


6 

w 


Public Wprks 


0.03^ 


5 


5 


Housing Commission 




1 


1 


Electricity 


0.002 


1 


1 


Commission 






Maritime Services 


0.016 


2 


2 


Motor Transport 


0.012 


2 


2 


Water Conservation 


0.056 


5 


5 


TOTALS 




151 


151 



5.2,3, LOCAL GOVERNMENT - N.S.W. ONLY •> STRATUM Eg. 

This stratum consisted of 92 municipalities and 135 shires 
which was fairly homogeneous with respect to their activities and 
size. These, therefore, readily formed clusters which were used 
as the sampling units. The average size of these clusters was small 
and there was little dispersion. So each was sampled in toto. 

This procedure had the advantage of limited the mimber of 
contacts which needed to be made, and allowed for easier distribution 
through the spokesman (Town or Shire Clerk) for each unit. However, 
since personal contact could not be made with each unit as in other 
strata (limitation on trunk telephone calls and visits to areas 
outside Sydney) the sample was inflated to ensure a response rate 
similar to other sections of the overall population. 

Using the average numbers of elements within each cluster as a 
guide this led to the minimum number of sampling units of 21 and 16 
for the Task Analysis Questionnaire and Curriculum Questionnaire. After 
inflating these figures. Municipalities and Shires were sampled randomly 
and proportionately to their weights in the population and allocated to 
either the Task Analysis Questionnaire or the Curriculum Questionnaire 
in the ratio ^:5. AH the local goverument bodies within each cluster 
were sampled. The final selections made are shown in Tables 5»2.5»''» to 
5.2.5.5. 
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TABLE 3. a. 3.1 . NDMBER OF SAMPLING ONITS 



Sample Units 


Weights 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Municipalities 




10 


7 


Shires 


0,6 




11 


TOTAL 


1.00 


2k 


18 



TABLE 3*2.3.2 . SELECTION OF UNITS FOR TASK ANALYSIS QDESTIONNAIRE 



Units 


Sample Size 
Level 1 


Sample Size 
Level 2 


Sample Size 
Level 5 
(Foreman's 
Questionnaire) 


MUNICIPALITIES 








1. 


Singleton 


1 


1 


1 


2. 


Fairfield 


5 


12 


10 


5. 


Drutninoyne 


2 


5 


7 




Quirindi 


2 


3 


3 


5. 


Manly 


2 


1 


2 


6. 


Young 


0 


1 


1 


7. 


Cooina 


1 


5 


2 


8. 


North Sydney 


k 


6 


5 


9. 


Forbes 


1 


2 


2 


10. 


Glen Innes 


1 


0 


1 


SHIRES 








1. 


Namoi 


2 


1 


2 


2. 


Yarrowlumla 


1 


0 


1 


3. 


Rylstone 


2 


3 


2 


4. 


Turaut 


2 


2 


3 


5. 


Hornsby 


7 


15 


k 


6. 


Shoal haven 


9 


12 


8 


•7. 


Cudgegong 


2 


3 • 


3 


8. 


Talbragar 


1 


1 


2 


9. 


l^umaresq 


1 


1 


1 


10. 


Mittagong 


2 


2 


3 


11. 


Canobolas 


1 


3 


3 


12. 


Bingara 


1 


2 


1 


15. 


Warringah 


10 


8 


10 


14. 


Dungog 


1 


2 


2 


TOTALS 24 


6"^ 


87 


79 



TABLE SELRCTXON OF UNITS FOR TASK ANALYSIS QUESTIONNAIRE 



Units 



Sample Size 
Level 1 



Sample Size 
Li'^vel 2 



Sample Size 
Level 5 
(Foreman's 
(Questionnaire) 



MUNICIPALITIES 

1. Singleton 

2. Fairfield 

3. Druumoyne 
*k, Quirindi 

5. Manly 

6. Young 

7. Cooma 

8. North Sydney 

9. Forbes 

10. Glen Innes 



1 

5 
2 
2 
2 
0 
1 
h 
1 
1 



1 
12 
5 
5 
1 
1 

5 
6 
2 
0 



1 
10 
7 
5 
2 
1 
2 

5 
2 
1 



SHIRES 

1. Namoi 

2. Yarrowlumla 
5. Rylstone 

^t, Tumut 

5. Kornsby 

6. Shoaliaven 
•7. Cudgegong 

8. Talbragar 

9. Dumaresq 

10. Mittagong 

11. Canobolas 

12. Bingara 

13. Warringah 

14. Dungog 

TOTALS 



2 
1 
2 
2 
7 
9 
2 



10 



1 
0 

5 
2 

15 
12 

3 
1 
1 
2 
3 
2 
8 
2 



2 
1 
2 
3 

8 

3 
2 
1 
3 
3 
1 
10 
2 



87 



79 



TABLE 3.2.5.3. SELECTION OF UNITS FOR CURRICULUM QUESTIONNAIRE 



Units 



Sample Size 
Level 1 



Sample Size 
Level 2 



Sample Size 
Level 3 
( ForemajA * s 
Questionnaire) 



MUNICIPALITIES 
1, Rockdale 



2. 

6. 

7. 



TajBworth 

Moree 

ABhfieli 

Taree 

Marrickville 
Holroyd 



SHIRES 



^•1. Lal:e Macquarie 
ERIC"* 

t^^rn^, Aberorombie 



3 
2 
1 
1 
1 
2 
2 



2 
1 
2 



5 

9 
0 
if 
0 
If 
14 



3 
2 

5 
3 



16 

3 
1 
2 
1 

3 
if 



3 
2 

3 
3 



MUNICIPALITIES 





Single ton 


1 


a. 


Fairfield 


5 




Drummoyne 


a 




Quirindi 


a 


5. 


Manly 


a 


6. 


Young 


0 


/ • 






8. 


North Sydney 


k 


9. 


Forbes 


1 


10. 


Glen Innes 


1 


SHIRES 




1. 


Namoi 


a 


a. 


Yarrowlumla 


1 


3. 


Hylstone 


a 




Tumut 


a 


5. 


Hornsby 


7 


6. 


Shoaliaven 


9 


•7. 


Cudgegong 


a 


8. 


Talbragar 


1 


9. 


Duma re sq 


1 


10. 


Mittagong 


a 


11. 


Canobolas 


1 


ia. 


Bingara 


1 


15. 


Warringah 


10 


14. 


Dungog 


1 



1 1 

ia 10 

5 7 
? 5 
1 2 

1 1 

> 2 

6 5 

2 2 
0 1 



1 2 

0 1 
3 2 

2 3 

15 ^ 

12 S 

5 3 

1 2 

1 1 

2 3 

3 3 
2 1 
8 10 

2 a 



TOTALS 



61 87 79 



TABLS 3.2.5.3. SELECTION OF UNITS FOR CURRICULUM QUESTIONNAIRE 



Units 



Sample Sise 
Level 1 



Sample Size 
Level a 



Sample Size 
Level 3 
(Foreman's 
Questionnaire) 



MUtnCIPALITISS 

1. Rockdale 
a. Tamworth 



Moree 



AuhfieU 
5». Tareo 

6. Marrickviile 

7. Holroyd 

SHIRES 

•1, Lake Macquarie 
2. Peel 

•5. Abercrombie 
•4. Darling 
•5, Eurobodalla 

6. Wade 

7. Wollondilly 

8. Coolah 
9» Ulmarra 

10. Gundurimba 

11. Jerilderie 



Q "'OTALS 



18 



ERIC 



3 
2 
1 
1 
1 
2 
2 



2 
1 
2 
2 
2 
2 
2 
2 
1 
2 
1 

31 



5 
9 
0 

0 
k 

Iff 



3 
2 

3 
3 
3 
1 
2 
k 
1 
3 
2 

65 



16 

3 
1 
2 
1 

3 
4 



3 
2 

3 
5 
3 
5 
5 
5 
1 

5 
2 

61 



TABLE 5.2.3.3 . SELSCTION OF UNITS FOR CURRICULUM QUESTIONNAIRE 





Sample Size 
Level 1 


Sample Size 
Level 2 


Sample Si^e 

Level 5 
vfforeraan's 

Questionnaire 


MUNICIPALITIES 








1, Rockdale - 


3 


5 


16 


2. Tamworth 


2 


Q 




3. Moree 


1 


0 


1 


^. Ashfield 


1 


k 


2 


5. Taree 


1 


0 


1 


6. Marrxckville 


2 


1 

H 


3 


?• Holroyd 


2 


14 


k 


SHIRES 








''I, Lake Macquarie 


2 


3 


3 


2. Peel 


1 


2 


2 


•3. Abercrombie 


2 


3 


3 


*k. Darling 


2 


3 


3 


•5. Eurobodalla 


2 


3 


3 


6. Wade 


2 


1 


3 


7. Wollondilly 


2 


2 


3 


8. Coolah 


2 


k 


3 


9. UimaiLca - 


1 


1 


1 


10 « Gundurimba 


2 


3 


3 


11. Jerilderie 


1 


2 


2 


TOTALS 18 


» 51 


63 


61 
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P'^'^* CONSULTANTS - N.S.W. ONLY - STRATUM E'V. 

As described in chapter 4.2., the elementary sampling units were 
grouped into companies which varied in size according to figure 4.2.2. 
Sxnce the variance in size of companies was great and has been shown to 
effect the job activities of employees (viz. degree of specialisation) 
this was accounted for in the design by stratification. The following 
2-'itage sampling process was used. 

Stage i t 

Companies were arranged into 3 strata according to size, where 
size of cluster was measured by the number of civil engineering staff. 
The strata decided upon by inspection of the distribution of companies, 
figure 4.2.2.. were as follows: 

Stratum a: O^'BdO 
Stratum b: 10<"E<.50 
Stratum c: 50<E<100 

A random selection of companies was made from each stratum, by 



MUNICIPALITIES 




1 • Rockdale 




2. Taroworth 


2 


3. Moree 


1 


^. Ashfield 


1 


5. Taroe 


1 


6, Marrickville 


2 


?♦ Holroyd 


2 






*!• Lake Macquarie 


2 


2. Peel 


1 


•3» Abercrombie 


2 


•^f. Darling 


2 


•5. Eurobodalla 


2 


6. Wade 


2 


7. Wollondilly 


2 


8. Cooliih 


2 


9» Ulmarra 


1 


10. Gunduriroba 


2 


II. Jerilderie 


1 


TOTALS 18 





5 
9 
0 

0 
4 
14 



3 
2 

3 
3 
3 
1 

2 

1 

3 

2 



16 

3 
1 

2 
1 

3 
4 



3 
2 

3 
3 
3 
3 
3 
3 
1 

5 
2 



63 



61 



5>2.4. 



CONSULTANTS - ONLY - STRATUM E4. 



^r.«»n!5 ^^scrxbed m chapter 4.2.. the elementary sampling units were 
grouped into companies which varied in size according to figure 4.2.2. 
ff-fcf ?h variance in size of companies was great and has been shown to 
ef.ect the job activities of employees (viz. degree of specialization) 
this was accounted for in the design by stratification. The following 
fi:-stage sampling process was used. 

Stage 1 ; 



Companies were arranged into 5 strata according to size, where 

f ^""/r ""-nb^r of civil engineering staff. 

ff:u^:%^!2.2!r2:^e"aTfSL^:sT^^'°" distribution of cLpanies. 



Stratum a: 
Stratum b: 
Stratum e: 



0<'E<10 
10<E*50 
50<E<100 



A random selection of companies was made from each stratum, by 
selecting proportionately to the number of companies from each stratum 
cl3l population, and alloc^^ted to the Task Analysis Questionnaire or 
«amniof r '^"^f ^onnaire in the ratio 4:?. The total number of companies 

f determined by dividing the required sample sizes in terSs of 
^iv-n 1 ""^S^ ^^"^ ^^^^^^^ number of employees per company for a 
given level. The maximum estimate was taken which would allow for the 
required sample sizes at each lev*»l. 



erJc 
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TABLE 5.2.^. 1 > SAMPLE SIZES FOR SELECTION OF COMPANIES 





No» of 
Companies 


Weight 


No. of 
Coya. for 
T.A. Quest. 


No. of 
Coys* for 
C. Quest. 


Total 


Stratum 


a 


85 


0.722 


11 


8 


19 


Stra turn 


b 


25 


0,217 


3 


3 


6 


Stratum 


c 


7 


0.061 


1 


1 


2 


TOTAL 


115 


1.000 


15 


12 


27 



The details of the names etc. of the firms of Consultants are 
omitted for obvious reasons. After consideration of the three strata 
of companies, and the numbers of employees in each company within strata 
a random sub>sample of employees, proportional to the number of employees 
employed at the two levels - engineer and technician was selected, 
(foremen were excluded as they were not part of the population as far 
as consulting firms were concerned). 

These are shown in the following tables: 

TABLE 5.2.^.2. LEVEL 1 - ENGINEERS 



Stratum 


No. of 


Weight 


T.A. Quest. 


C. Quest. 


Total 




Employees 




Sample Sise 


Sample Size 




a 


160 


0.289 


22 


16 


38 


b 


195 


0.55^ 


27 


20 


^7 


c 


197 


0.557 


27 


21 


^8 


TOTAL 


552 


1.000 


76 


57 





TABLE ^.2.^.?. LEVEL 2 - TECHNICIANS 



Stratum 


No. of 
Employees 


Weight 


T.A. Quest. 
Sample Size 


C. Quest. 
Sample Size 


Total 


a 


156 


0.19^* 


18 


13 


31 


b 


551 


0.437 


ko 


29 


69 


c 


297 


0.369 


33 


26 


59 


TOTAL 


Bok 


1.000 


91 


68 


159 



5.2.5 * CONTRACTORS N..';.W. ONLY - STRATUM E5. 

A two-stage sampling process was used for this stratum similar to 
that used for stratum E4, whose structure differed only in size 
^\f*ribution. The strata, according to size of company, were determined 
ERLC^spection of the distribution in figure 4.2.5» and are as follows: 



1 






T.A. Qtttst. 


C. Quast* 




Stratttm a 


83 


0.722 


11- 


8 


19 


Stratum b 


25 


0.217 


3 


3 


6 


Stratum c 


7 


0.061 


1 


1 


2 


TOTAL 


115 


1.000 


15 


12 


27 



The details of the names etc. of the firms of Consul tants are 
omitted for obvious reasons. After consideration of the three strata 
of companies « and the numbers of employees in each company within strata 
a random sub-sample of employees, proportional to the number of employees 
employed at the two levels - engineer and technician was selected, 
(foremen were excluded as they were not part of the population as far 
as consulting firms were concerned). 

These are shown in the following tables: 

TABLE 5.2.^.2 . LEVEL 1 - ENGINEERS 



Stratum 


No. of 

Employees 


Weight 


T.A. Quest. 
Sample Size 


C. Quest. 

Sample Size 


Total 


a 
b 
c 


160 
195 
197 


0.289 
0.35^ 
0.557 


22 
27 
27 


16 
20 
21 


38 
^8 


TOTAL 


552 


1.000 


76 


57 


133 


TABLE 5.2.*f.3, LE^ 


/EL 2 - TECHNICIANS 



Stratum 


No. of 

Employees 


Weight 


T.A. Quest. 
Sample Size 


C. Quest. 
Sample Size 


Total 


a 


156 


0.19^ 


18 


13 


31 


b 


351 


0.457 


ko 


29 


69 


0 


297 


0,369 


33 


26 


59 


TOTAL 


6Qk 


1.000 


91 


68 


159 



3.2.5 . CONTRACTORS » N.;:.W. ONLY - STRATUM B5* 

A two-stage sampling process was used for this stratum similar to 
that used for stratum Eh, whosr structure differed only in size 
distribution. The strata, according to size of company, were determined 
by inspection of the distribution in figure 4.2.3. and are as follows: 

Stratum a : 0<E^20 civil engineering staff 
Stratum b : 20<E460 " »• »• 

Stratum c : 60<BS140 " " ♦» 

Since many companies, although large, do not enploy large numbers at 
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35 



each level it was necessary to take a sample si^e of fifteen companies 
to obtain the desired number from each of the strata - and c» 

at eacn level. The ratio of ^1:5 for Taisk Analysis Questionnaire 
to Curriculum Queotionnri ^re coula not be exactly maintained and the 
fifteen companies were divided into nine and six for the respective 
questionnaires. 

The following table shows the final distributionp 
TABLE 5.2.3. SA/.Pi.S SI2KS FOR SSLSCTION OF CONTRACTORS 





Number of 
Companies 


Weight 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 


Stratum 


a 


26 


0.528 


5 


k 


9 


Stratum 


b 


10 


0.222 


2 


1 


5 


Stratum 


c 


9 


0.200 


2 


1 


5 


TOTAL 


^5 


1.000 


9 


6 


15 



Th.* numbers of employees selected for each of the strata - 
a^ at eacn of the three levels - 11, L2 8? L3 are shown in the 

following three tables: 



TABLE 3.2.3>2 . LEVEL 1 ^ ENGINEERS 



stratum 


Total 
Employees 


Weight 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 


a 
b 
c 


55 
92 

219 


, 0.15 i 7 

! 0.25 j 15 
0.60 I 50 


6 

9 
22 


15 
22 

52 


TOTALS 


566 


1.00 1 50 


57 


87 



TABLE 3.2.5.3. LEVEL 2 - TECHNICIANS 



Stratum 


Total jWeight 
Employees { 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 


a 


76 ! 0.218 


8 


6 


14 


b 


82 1 0,253 


9 


7 


16 


c 


191 ( O.^k? 


21 


^5 


56 


TOTAL 


3^9 \ 1.000 i 58 

1 — 


28 


66 



TABLE 3.2.3.4 . LEVEL 5 - FOREMEN 




Stratum 



Total 
Employees 



Weight 



i. 



Foremen's 
Questionnaire 



Total 



The following table shows the final distribution. 
TABLE 3.2.5.1. SAMPLE SIZES FOR SELECTION OF CONTRACTORS 





Number of 
Companies 


Weight 


Task Analysis 
Questionnaire 


« 

Curriculum ' 
Questionnaire 




Stratum 


a 


26 


0.528 


5 


k 


9 


Stratum 


b 


10 


0.222 


2 


1 


3 


Stratum 


c 


9 


0.200 


2 


1 


3 


TOTAL 


^5 


1.000 


9 


6 


15 



The nuiiibers of employeefcs selected for each of the strata - 
a, b, d c, at eacn of the three levels - L1 , L2 & L3 are shown in the 
following three tables: 



TABLE 3-2.3.2 . LEVEL 1 - ENGINEERS 



1 

stratum 


Total 1 
Employees 


Weight 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 


a 
b 
c 


55 
92 
219 




0.15 
0.25 
0.60 


1 7 
30 


6 

9 
22 


13 
22 
52 


TOTALS 


366 


1.00 I 50 


37 


87 



TABLE 3.2.3.3 . LEVEL 2 - TECHNICIAN S 



Stratum 


Total 
Employees 


{weight 

1 


Task Analysis 
Questionnaire 


Curriculum 
Questionnaire 


Total 


a 


76 


! 0.218 


8 


6 


14 


b 


82 


0.23f 


9 


7 


16 




191 


j 0.5^7 


[ 21 


15 


36 


TOTAL 


3^9 


j 1,000 i 58 


28 


66 



xABLE 3>2.5.4 . LEVEL 3 - FOREMEN 



Stratum 

• 


Total 
Employees 


Weight 


Foremen's 
Questionnaire 


Total 


1 


113 


0.159 


10 


10 


2 


217 i 


0.3505 


20 


20 


5 


382 ! 


0.536 


3^ 


3^ 


TOTALS 


712 j 1.000 


1 ^ 


64 



Again for obvious reasons, details of the actual companies sampled 
cannot be given. 
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3.2,6 . 



GENERAL INDUSTRY - STRATUM S6. 



Since the number of companies in general industry employing 
civil engineering staff is small, and each company employs only a 
small number of staff at the specified levels, no grading of 
companies accoraing to size was attempted. Again a 2-.stage 
sampling process was used, firstly using companies and secondly 
employees as the primary sampling unit and a random selection made 
without stratification. 

In the first place a sample of twelve companies was randomly 
selected, which was more than that indicated by the average number 
of emnloyees per company, since the distribution of employees over 
each level was very uneven. The larger sample siae thus ensured 
adequate representation at each level. 

From the selected companies a further random sample was made 
of employees to obtain the required sample size. This resulted in 
the following numbers !- 

Level 1 - Engineers 16 Task Analysis Q, 12 Curriculum Q. 

Level 2 - Technicians 14 Task Analysis Q, 11 Curriculum Q. 
Level 5 - Foremen 6 Foreman's Questionnaire. 



GENERAL REMARKS 



In many cases the spokesman for a company or department 
elected for security reasons to randomly distribute questionnaires 
to a sample of his employees. This defensive attitude received 
soma encouragement at that time from references and reports in the 
press and on television about the invasion of individual privacy 
threatened by the proliferation of data banks. On occasions we 
found we had to spend considerable time obtaining permission to 
distribute questionnaires, and in some instances an elaborate system 
of interviews with organisation heads including legal representatives, 
took place before agreement was given to distribute questionnaires 
within an organisation. 

In cases where organisations did not want to give us a staff 
list from which we could select a sample, a simple procedure of 
systematic sampling was used by the senior officer of an organisation 
whereby if a sample of x is to be chosen from a total list of y 
employees at a given level within a given branch, the chance of 
selection will be x/y or l/k for each element. By dividing the list 
into intervals of k elements and selecting a random number in this 
interval e»g. 3, every 5rd person may be selected to yield a random 
sample of the required size. For example, if it is required to select 
% s'jmjJe of 6 Engineers working on Construction in the Department of 
Railways from a total of Zk^ (Sampling fraction = %) , the list is 
divided into intervals of 4, a random position chosen between 1 and 4, 
e.g. 3 and the person occupying every 5rd position in the groups of 
k selected. The persons selected would thus be Nos. 5, 7i 11, 15, 19 
and 23. 

Tnis procedure also had the advantage of being self correcting 
O ere the overall sampling fraction was known for a strata which was 
being cluster sampled e.f. Eg. That is where population figures 
"~lSay be in error or have fluctuated from the time estimates were made 



employees as the prlmry sampling unit and a ranaoa sexection Bade 
without stratification* 

In the first place a sample of twelve companies was randomly 
selected, which was more than that indicated by the average number 
of employees per company, since the distribution of employees over 
each level was very uneven. The larger sample size thus ensured 
adequate representation at each level. 

From the selected companies a further random sample was made 
of employees to obtain the required sample size. This resulted in 
the following numbers 

Level 1 - Engineers 16 Task Analysis Q, 12 Curriculum Q. 

Level 2 - Technicians 1^ Task Analysis Q, 11 Curriculum Q. 
Level 5 - Foremen 6 Foreman's Questionnaire. 



GENERAL REMARKS 



In many cases the spokesman for a company or department 
elected for security reasons to randomly distribute questionnaires 
to a sample of his employees. This defensive attitude received 
some encouragement at that time from references and reports in the 
press and on television about the invasion of individual privacy 
threatened by the proliferation of data banks. On occasions we 
found we had to spend considerable time obtaining permission to 
distribute questionnaires, and in some instances an elaborate system 
of interviews with organisation heads including legal representatives, 
took place before agreement was given to distribute questionnaires 
within an organisation. 

In cases where organisations did not want to give us a staff 
list from which we could select a sample, a simple procedure of 
systematic sampling was used by the senior officer of an organisation 
whereby if a sample of x is to be chosen from a total list of y 
emplovees at a given level within a given branch, the chance of 
selection will be x/y or l/k for each element. By dividing the list 
into intervals of k elements and selecting a random number in this 
interval e.g. 5, every 3rd person may be selected to yield a random 
nample of the required size. For example, if it is required to select 
9 s-jmple of 6 Engineers working on Construction in the Department of 
Railways from. a total of 2^, (Sampling fraction ^ J^), the list is 
divided into intervals of 4, a random position chosen between 1 and *f, 
e.g. 5 and the person occupying every 5rd position in the groups of 

selected. The persons selected would thus be Nos. 3» 7t '*1» ''5» '9 
and 23* 

This procedure also had the advantage of being self correcting 
where the overall sampling fraction was known for a strata which was 
not being cluster sampled e.g. Ep. That is where population figures 
rr.ay be in error or have fluctuated from the time estimates were made 
to the time of sampling, the "correct" sample sizes would automatically 
be implemented by using this procedure. 
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In genernl this was a time consuming part of the study 
but it was considered to be of the utmost importance if a valid 
picture of civil engineorin^ was to be established* It would have 
been much easier, but we believe of little value, to have 
distributed questionnaires en masse to any civil engineers whose 
names we could easily obtain and assumed that the response was 
typical of the total work force at the three levels* 

Finally^ it must be kept clearly in mind that although this 
sample design sought,- it is hoped with success^ to model the 
population distribution, the final distribution in terms of actual 
responses would inevitably be somewhat different* One could not 
assume or hope that the non-response rate would be uniform from 
widely differing strata* It was necessary ^ therefore ^ when final 
estimates of parameters were made to take note of disproportionate 
representation from particular strata* 



6* INSTRUMENTS, PILOT AND PRE-TEST RUNS, RELI ABILITY AND 

VALIDITY, METHODOLOGY, AND DISTRIBUTION. 



6.1^ INSTRUMENTS > 

The development of the instrument and its administration 
are the focus of a survey study* The choice of technique depends 
on the research objectives and the resources available to achieve 
them. No situation is ide6»l and the clash of needs with resources 
that arose in this study would certainly not be uncommon. We 
believed that a structured interview would best provide the 
information we needed, but lack of resources sufficient to cover 
the large and scattered 'population' forced us to use the 
questionnaire as the best alternative available. 

6>1>1> Task Analysis Questionnaire * 

The first objective of the research as stated in the research 
plan was to carry out an analysis of the tasks performed by civil 
engineers and civil engineering technicians. There was no novel 
idea in this, job evaluation has been used by industrial organizations 
across all industries for many years nov/ and in essence job 
evaluation was what was required in this study. 

Job evaluation arose primarily to meet the need to determine 
equitable differentials between wage rates. However, other benefits 
resulted, industrial relations improved, ^ mechanism had b3en 
created whereby it was possible to avoid square pegs being thrust 
into round holes, aptitudes could be fitted to tasks, and occupations 
could be systematically evaluated and training of applicants thereby 
aided. 

Since job evaluation aims at fixing rates of pay, determining 
remunerations, etc. we were obviously not concerned with job 
evaluation in its entirety. The basic step in job evaluation is job 
analysis or as we will refer to it - task analysis. Task analysis 
is usually only concerned with the way the time performing a job is 
split over responsibilities, knowledge and skills. Various other 
avenues of approach to task analysis were studied but all lead to this 
basic trilogy of characteristics. For a variety of reasons we decided 
to treat responsibility separately from the broad task analysis which 
left knowledge and skills of various sorts. 

The following categories of task were eventually selected;- 

Technical matters 

Psychomotor skills (later called manual skills) 
Economic/Financial matters 

Communication/Exchange of Information matters 
Management and Personnel matters 

. Further development was straightforward in that each category 

of task was further broken up into a number of relevant activities, or 
sub-categories of task, on conventional lines. However, the 
classification of tasks in the Technical category was not easy. In 
fact, the problems associated with this were representative of the 
problems generally associated with task analysis. Ideally one would 
like to observe (as in time and motion., study) an engineer or a 
draftsman at work. At the outset categorisation would be simple 
enough, the elements would be large and easily discernible, but a great 
deal of work on classification and terminology would be required if 
Q fine definitions were needed. 
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Prior to a final decision being made on implementation 
procedure, a pilot schedule of questions was devised based on 
observation on site and discussion with many working engineers and 
technicians and tested using the standard face to face interview 
procedure* A number of conclusions were reached at the end of this 
pilot run» (a) the schedule was too lengthy for face to face interview, 
taking an average of just over an hour to administer, (b) the 
broad structure and design of the instrument was satisfactory with 
the exception of the technical matters section which failed badly. 

No taxonomy was available with which to describe the activities 
associated with the technical part of civil engineering jobs, yet 
it was an important part of the questionnaire, and in addition, no 
matter how much we tried otherwise, it was a lengthy and time 
consuming part of the questionnaire. To develop such a taxonomy 
would moreover, require a very lengthy and expensive program of work. 
Much has been written on the need for clarity in defining the elements 
of a technician's task and proceeding from this to a definition of 
the objectives to be attained in the trsining of a man for that task. 
To do the same with an engineer is more difficult because of the less 
precise and unrestricted nature of a professional engineer's role but 
nevertheless this wns really the objective of the task analysis. 
There appeared to be no simple way of splitting up the technical segment 
of an engineer's task without reference to the elements in the generally 
accepted engineering curricula, but this procedure using conventional 
curriculum items seemed basically wrong. However, when the technical 
matters section of the questionnaire was re-designed after the poor 
results in the pilot run recourse was made to standard curricula 
terminology. Despite efforts to the contrary, to be of any value this 
section became steadily more complex and time consuming and inevitably 
brought us to the point where a face to face interview became impossible. 
To avoid the 'hindsight* approach wherever possible, ample space was 
left after each section of the task analysis for the inclusion of 
additional tasks identified by the respondents who were specifically 
encouraged to add new material we had failed to identify and categorise. 

Concurrently the collection of data on the 'population' of 
civil engineering staff had progressed to a point where a reasonably 
accurate determination of the sample size could be carried out. This 
sample was larger than anticipated and re-inforced our decision 
concerning face to face interviewing. Thus very reluctantly we were 
forced to relinquish the idea of fftce to face interviews with a pre- 
determined structure, i.e. schedule of questions, and resort to a 
questionnaire administered by post. 

At this stage it was agreed that the sample size could and 
shoald be increased to deal both with the larger than expected 
'population* and also the reduced response that would be obtained with 
a questionnaire sent through the mail. 

As mentioned previously it was decided to treat the responsibility 
aspect of task analysis as a separate item. This attitude was adopted 
bec«use of the problems associated with identifying and quantifying 
the elements of responsibility in jobs. The problem was certainly no 
easier for civil engineering jobs than other aspects of engineering, 
perhaps it was more difficult, since civil engineering may have more than 
its share of the various aspects of responsibility. 

Some published information was available concerning categories 
of responsibility. 
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In Canada the Council of Professional Engineers has defined 
each level of responsibility by reference to 5 factorss- 



i) duties 

ii) recommeniations, decisions and commitments 
iii) supervision received 
iv) leadership, authority and/or supervision 

received 
v) entrance qualifications 

A simple hierarchical approach was used by Halden* in his 
study of electrical engineers in Sweden. 

i) executive managers in companies> 100 employees 
ii) executive managers of small firms and hefaids 
of departments 
iii) heads of small departments and heads of 
divisions in big firms 
iv) heads of sections 
v) younger engineers 

Patton & Littlefield"^ in their text on Job Evaluation, 
analyse the nature of responsibility and break it up into responsibility 
for certain things; e.g. in the case of salaried and clerical staff 
responsibility for determining and applying company policy, for money 
and materials, for confidential data, and executive responsibility. 
Again, when evaluating executive positions, responsibility was broken 
up into initiative, accountability, effect on profits, responsibility 
for personnel relations, for policy making and policy interpretation. 

In the Factor Comparison method, responsibility is defined as - 
what is entrusted to him that is valuable to the company and that may 
be affected by his decisions and judgements. 

In combination approaches and special plans, accountability is 
defined as - the requirements of independent responsibility for what 
happens. Since results are measured in terms of financial health and 
growth, responsibility winds up sooner or later in terms of money. 
This phrase - "in terms of money" - seems to be one of the keys in 
assessing responsibility. Supervision, given and received, also is an 
important factor. Safety questions, social responsitility, are also 
involved. 

Taking into account all these points of view we devised a scheme 
for assessing responsibility based on the following factors 

1. Number and type of staff for which responsible. 

Zm Incidental expenditure, running expenditure, 

cheque signing limit. 

3* Capital expenditure limit. 

km Value of plant and equipment for which responsible. 

5» Place in organization hierarchy. 

^. Responsibility for technical decisions. 

?• Connection with policy making* 

8, Involvement in policy interpretation. 

?• Safety decisions. 

10. Social responsibility and legal responsibility* 



^ Halden, F. , "The evolution of the tasks and functions of engineers"* 
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v) entrance quiaifieations 



A simple hierarchical approach was used by Halden* in his 
study of electrical engineers in Sweden. 

i) executive managers in companies > 100 employees 
ii) executive managers of small firms and heads 
of departments 
iii) heads of small departments and heads of 
divisions in big firms 
iv) heads of sections 
v) younger engineers 

Patton & Littlefield"*" in their text on Job Evaluation, 
analyse the nature of responsibility and break it up into responsibility 
for certain things; e.g. in the case of salaried and clerical staff 
responsibility for determining and applying company policy, for money 
and materials, for confidential data, and executive responsibility. 
Again, when evaluating executive positions, responsibility was broken 
up into initiative, accountability, effect on profits, responsibility 
for personnel relations, for policy making and policy interpretation. 

In the Factor Comparison method, responsibility is defined as - 
what is entrusted to him that is valuable to the company and that may 
be affected by his decisions and judgements. 

In combination approaches and special plans, accountability is 
defined as - the requirements of independent responsibility for what 
happens. Since results are measured in terms of financial health and 
growth, responsibility winds up sooner or later in terms of money. 
This phrase - »'in terms of money" - seems to be one of the keys in 
assessing responsibility. Supervision, given and received, also is an 
important factor. Safety questions, social responsibility, are also 
involved. 

Taking into account all these pox. s of view we devised a scheme 
for assessing responsibility based on the following factors:- 

1. Number and type of staff for which responsible. 

2. Incidental expenditure, running expenditure, 
cheque signing limit. 

5« Capital expenditure limit. 

Value of plant and equipment for which responsible. 

5. Place in organization hierarchy. 

6. Responsibility for technical decisions. 

7. Connection with policy making. 

8. Involvement in policy interpretation. 

9. Safety decisions. 

10. Social responsibility and legal responsibilifcy. 



Halden, F. , "The evolution of the tasks and functions of engineers". 
Policy Conference on Highly Qualified Manpower, Paris 1966. pp. 201- 
210. OECD. 1967. 

* Patton, J. A., Littlefield, C,L,, & Self, S.A., "Job Evaluation - 

Text and Cases". Richard D.Irwin Inc. Horoewooi, Illinois, U.S.A.,196'f 



In addition, because in any organized job evaluation and 
salary grading system responsibility is one of the major factors 
considered when placing a salary tag on a job we thought that a 
useful check on the scoring system we had devised would be the 
salary of a respondent. For the usual reasons the salary 
classification we used in the questionnaire was very broad. 

.'.e make no claims that the scneme we devised is perfect, in 
fact there were obvious defects but it was a serious attempt to 
come to grips with the problem of quantifying responsibility in a 
job. It was felt from the outset that any attempt at task analysis 
should include reference to responsibility. 

From this point onwards the effort with the instrument was 
aimed at sharpening its composition, and simplifying its format, for 
example, the various categories of tasks were sub-divided into 
readily understood broad elements, e.g. management was split into 
ten sub-categories covering accepted management functions and 
personnel functions. 

Overall, the Task Analysis Questionnaire followed the generally 
accepted pattern of having firstly, a "warming up" page of easy 
non-emotional questions, followed by the pages with the more 
complicated questions and finishing with a page of questions where 
the respondent could express his own views and sentiments. 

6.1.2. Curriculum Q uestionnaire. 

After the change from structured interview to mailed 
questionnaire it was decided that an opportunity existed to examine 
in fine detail the usage of the material taught in one section of 
an average civil enginf>ering curriculum. "Design',* a common component 
in university, C.A.E., and technical college courses, was selected 
for study and a questionnaire was prepared in which a curriculum 
was broken down into more than 100 elements. This Curriculum 
Questionnaire, as it was called, (to differentiate it from the 
original Task Analysis Questionnaire) was sent to a part of the 
sample which had been originally selected. The N.S.W. Institute of 
Technology was directly responsible for the designing of this 
questionnaire having as they did specific knowledge of the elements 
of a civil engineering design curriculum. The final questionnaire 
was produced as a collaborative effort with a group from Sydney 
Technical College with the specific interest of measuring the overlap 
between the traditional Technical College and C.A.E. curriculum in 
design. 

6.1.3. Foreman's Questionnaire . 

Early in the study the important role played by general 
foremen, supervisors and similar people in civil engineering was 
perceived, also our definition of a technician referred to 
management techniques. It seem important therefore, to bring foremen 
into our study of civil engineering. However, the complex nature 
of the two main questionnaires precluded their distribution to foremen. 
They also did not deal with the question of training in a way that 
could be applied to foremen. Consequently a questionnaire was developed 
that was simpler to understand, easier to complete and aimed specifically 
at. foreman. The basis of the distribution was different from that used 
for the two main questionnaires, being much smaller in scope, partly 
bf;caune of the nature of the population, and partly from a wish to not 
allocate too much of the total resources to this possibly marginal aspect 
of the m«in study. 
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6.2. PILOT AND PR£«TEST RUNS. 



Reference was made in the section dealing with the Task 
Analysi.^ questionnaire (6.1.1.) to a pilot run with the questionnaire 
which had been originally developed for use in a face to face 
interview. The conclusions reached as a result of carrying out the 
pilot run were that the schedule was too lengthy, taking an average 
of t over an hour to administer, and the technical matters 
section was a failure, although otherwise design was satisfactory. 
The reasons for changing over to a mailed questionnaire rather than 
conducting interviews were dealt with in 6.1.1* This led to a further 
extensive general re-design of the questionnaire which coupled with 
a completely re-modelled section dealing with technical matters meant 
it was necessary to carry out a further trial run. At the same time 
also we intended to carry the operation through to the punch card 
stage to test out the procedure for editing and coding the questionnaires 
and data. 

When conducting surveys a pre-test of the questionnaire is 
e5sen*:ial. The pre-test should show not only the adequacy of the 
instrument and detect any problem in administration and scoring but also 
may serve to demonstrate the reliability and validit of the questionnaire. 
The prs-test should resemble as closely as possible what is planned for 
the main run. 

Three separate pre-tests were involved, each dealing with one of 
the three questionnaires. This report deals with those connected with 
the Task Analysis Questionnaire and the Foremen's Questionnaire. The 
N.S.W. Institute of Technology carried out the pre-test of the 
Curriculum Questionnaire and details will be published later. 

6*2.1. Task Analysis Questionnaire - Pre-Test . 

One aim of this pre-test was to ensure that the data obtained 
from the questionnaire in its final form could be placed on computer 
cards. In addition the pre-test was an exercise in the procedure 
actually to be used in the main run of the survey so that any 
administrative problems could be eliminated. 

For these reasons as well as ease of access it was decided to 
choose one medium, a large sized organization not used in the main 
survey which could be approached through the hierarchy. 

This was done and agreement reached for distribution of the 
questionnaires. No "pep talk" was given because 

(1) people involved in the main run would not receive a 
"pep talk". 

(2) a covering letter was enclosed seeking their co-operation 
and explaining the project. 

(5) an unbiased estimate of the response rate would be gained. 



The response rate to the questionnaire, obtained without 
any form of pressure ^ was twenty-five percent • This dii not 
cause undue worry as it was planned that for the main run means 
would be available for "chasing up" outstanding questionnaires 
thus increasing the response rate* 

The data from the returned questionnaires was closely 
examined for apparent difficulties or misinterpretations in the 
answering of questions. None being revealed « and no adverse 
comments being received from respondents who filled in the 
questionnaire f it was decided that it needed no further alterations. 

The data from these schedules was then examined for the 
best way in which it could be edited for the computer^ Although 
preliminary layouts for the editing had been considered before 
the pre-test» it was found that reconsideration had to be given 
in certain areas to allow for a wider range of answers than was 
at first anticipated. In addition, the open ended questions 
could no: be categorized until real answers were examined and 
suitable categories arrived at. It was envisaged that further 
modifications might be necessary after the main run of the 
questionnaire as some additional categories might be reported. 

Throughout the questionnaire at strategic points "other (specify)*' 
categories were included. This, however, presented difficulty for 
punching as each "other" related to a specific section. On the 
basis of the response from the pre-test in which only an occasional 
"other" was completed it was decided to leave room in sequence for 
the punching of the "other" and its related figures. At this stage 
the data wa.? only categorized as "other". Such "other" categories 
were then to be rated and punched on a separate card together with 
tne respondent's number. All such "other" data could then be computed 
separately and it coulr- be determined which and to what extent 
Ci*rtain "elements" had been neglected by the questionnaire • (Later, 
when editing the main run, it was found that very little had been 
left out.) 

For the responsibility rating it was decided that instead 
of punching each individual item of responsibility, three responsibility 
ratings could be arrived at by assigning predetermined values to 
certain answers which could then be summed. Thus, ratings or scores 
were obtained for each of the responsibilities for staff, money and 
policy. 

The scores obtained through the responsibility rating scheme 
were also compared, as a measure of validity, with the salary bracket 
indicated by the respondent, i.e# if there was a great deal of 
consistent variation between the two then one of them was not a valid 
estimate of responsibility* 

The Qxze of the pre-teat was too small to indicate the exact 
rolationihip between level of responsibility and salary. Some 
alterationrj were made to the original scheme, however, as a result 
of the indications provided by the pre-test • These were in the 
quantitative values assigned to various items in the scoring system. 



6»2>2# For^tnan^g Questionnaire Pre-Test 



The basic character of this questionnaire was similar to 
that of the main study ani was essentially a simplified form. 
Varioua experts with knowledge of foremen* s activities who had 
expressed interest in the questionnaire suggested modifications 
in the wording and content of some of the restructured questions 
so that ambiguity would be eliminated and the questions would 
become easier to interpret • 

The questionnaire was then subjected to a pre-test using a 
number of foremen from construction sites. These foremen in all 
cases fulfilled our definition of foremen and represented varying 
levels of authority and responsibility for work and workers. 

Each foreman was interviewed prior to the pre-test and the 
nature and purpose of the project was explained to him* It had 
been originally intended that a lengthy interview should take place 
with each foreman guiding him through the questionnaire and 
discussing any difficulties or queries he might have had about any 
of the questions. This procedure had^ however, to be abandoned owing 
to the nature of a foreman *s job • that he has not sufficient time 
to devote to long interviews. In consequence it was found necessary 
to ask them to complete the questionnaire in their own time noting 
down any comments about the questions and any problems they 
encountered. It was anticipated that this method would result in a 
critical feedback of information. When the forms were collected 
much additional information was obtained. 

It was realised before conducting the pre-test for the foreman^s 
questionnaire that the nature of a foreman's job allows him little 
time for filling in forms and a low response rate must be expected 
in the main run. To compensate for this low response rate it was 
decided that a larger sample of foremen should be taken in order 
to achieve a response rate comparable with that of the rest of the 
project. 

The pre-test resulted in two of the questions from the list 
of elements being eliminated owing to ambiguity. Other modifications 
also made the questionnaire simpler to complete. After these changes 
the questionnaire was then ready for the main run. 

Although the procedures for the pre-test differed from those 
of the main run it was felt that the effects of these differences 
would be minimal. Instead of the explanatory interview an explanatory 
letter was included with every questionnaire sent to foremen. 

It can also be asked whether differences in conditions between 
pr^-teot and main run will have any appreciable effect on reliability 
nnd validity. The only problem that could arise from this is a slight 
difference in reliability - a highly structured interview being 
different from a highly structured questionnaire. In this ca^e the 
interview was more in the nature of a verbal background to the project 
and directive concerning the questionnaire and was comparable therefore 
to the covering letter dealing with the same items. 
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b,3. RELIABILITY AND VALIDITY . 



i^uestions of reliability and validity in surveys demand 
attention and much has been written on them. Concerning reliability 
a general view is that questionnaires are reliable particularly 
When the answer alternatives are clearly laid outt as they were, 
we hope in the questionnaires used in the present study, and the 
respondents report fact as distinct from opinion which might vary with 
environmental conditions. No tests were carried out to determine 
ir a respondent were approached a second time with one of the questionnaires 
whether his answers would have been essentially the same as those he 
gave the first time. Our choice was deliberate. The questionnaire 
to be of real value was long and required considerable time to 
complete. To ask for a group to complete the questionnaire a second 
time meant either selecting a favourably disposed group who could 
not be considered to be representative (and thus become merely a 
formal exercise since reliability is frequently checked this way) 
or risking the resentment of a random group to their time being 
"wasted" answering the same questions as we had previously asked them. 
Subterfuges were considered but were not adopted since we considered 
that for a questionnaire of this type, with the mature audience of 
highly qualified workers to whom it was administered, no more precise 
measure o f rel iability could be obt aine d. 

When discussing the choice between oral and written verbal 
i responses Galtung* said "the one does not exclude the other" and 
later "we can easily muster arguments for a discussion in time, 
using the flexibility of the interview method in the beginning of 
a project and at the end" .... "and using the standardisation of 
the questionnaire technique in the middle phase for confirmation - 
This is broadly what we did in this present study, individual 
interviews, group interviews, small and large questionnaires were 
all used. 

With particular reference to reliability Galtung wrote "In 
general it is difficult to say. The interviewer is better trained 
to record than the respondent, but the respondent knows himself 
what he wants to •newer and will get an immediate re-inforcenent and 
check when he circles or underlines an alternative. Thus, one extra 
human and fallible link is cut out, but even more important, we 
think, is the visual check provided by the manual operation with the 
questionnaire. There is nothing quite corresponding to this in 
interviewing. The interviewer may read aloud what he has written, 
' but this will probably only lead to a lengthy argument, since the 
respondent did not possess the answer alternatives xn advmce as he 
does for the questionnaire". 

Apart from such areas as open-ended questions (answers) and 
free comments which traditionally have low reliability we felt our 
decision not to expend valuable funds pursuing the reliability 
question in depth in this broad large scale project was a safe one. 
We did attempt to improve reliability in one important open-ended 
question dealing with deficiencies in training (last part of Task 
Analysis Questionnaire) by posing the same question in more than one 
way. 



* Galtung, J., "Theory and Methods of Social Research" 
George Allen and Unwin, London, 1967. p.11o. 
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However, questions of reliability are also questions of 
reproducibility and these latter have been borne in mind concerning 
possible errors in the translation of data from the questionnaires 
to the punch cards and also in the analysis of the data, where 
frequent checks took place both of the computer print-outs, and the 
computations used in the final presentation of the data* 

To minimise error in the transference of data random checks 
at a rate of one in five were made on all edited questionnaires 
at the lay-out sheet stage* Punched cards were all verified. Sets 
of punched cards were thoroughly examined to establish that each 
subject (respondent) had the correct number of data cards^ and that 
each subject who completed a questionnaire was represented by a set 
of data cards. In addition cards were listed thereby making it 
possible to establish whether residual errors existed in cards. Much 
of the checking was done by the authors who were awa* e of many 
instances cited in the literature where extensive and carefully 
designed systematic plans were thwarted by poor recording by junior 
assistants. • In all we took as much care as possible to establish 
a pure bank of data* 

Overall we claim reliability is high. 

We belie Vc; that problems of content of validity were minimised 
in our study as a result of the extensive interviewing phase at the 
start of the project when the team members spoke to many people at 
all levels in civil engineering about the project^ what its aims were^ 
and what benefits it was hoped it would ^ave. They also collected as 
much verified information as possible on real civil engineering practice. 

Concer*7in5 the validity of the questionnaire as an accurate 
and valid means of collecting information it is difficult to resolve 
the problem of standardisation and flexibility. Galtung wrote "The 
literature seems to favour questionnaires for many reasons, but the 
authors do n^'. agree between themselves. Thus there is argument to 
the effect that the flexibility provided by the interviewing permits 
more refinement, more resources ani thus more validity and there is 
the argument that the skilled interviewer will have a number of 
soothing techniques for the embarrassing question that can never be 
quite imitated in the questionnaire. We are inclined to say that 
•it depends • but that in general questionnaires seem to be more valid"# 

We hoped that problems of validity were minimised in our 
study as a result of the extensive interviewing phase at the start 
of the project when the team members spoke to many people in civil 
engineering about the project, what its aims were, what benefits it 
was hoped it would have, and so on* 

An opportunity did, however, present itself during the study 
to gain some appreciation of the reliability and validity of the 
Task Analysis Questionnaire, particularly that section dealing with 
the Broad Task .^.xalysia over a fixed period of working time i.e. a 
fortnight. 

Halfway through the data processing operation some 
information in tabulated form was prepared for presentation to two 
discussion groups. It was based on data f'^om 191 respondents* At 
the end of the data processing phase we had the same tabulated information 
from 518 respondents. One pair only of several similar sets of 
results at the two ti.te intervals are given in Table 6*5*1# 
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Grubman, Hulda, "Evaluation activities of curriculum pi jects" 
AERA monograph series on curriculum evaluation. No. 2. pp. 48-50. 
Rand, McNally, U.S.A., 1968. 
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TABLE 6,5.1. BROAD TASK ANALYSIS - ENGINEERS AND TECHNICIANS > 



a) n = 191. Engineers 121, Technicians 70. 



CATEGORY OF TASK 


Eng's % 


Tech's % 


Technical matters 


33 


33 


Manual skills 


8 


35 


Economic/Financial matters 


1^ 


8 


v'Ommunication matters 


12 


12 


Management/Personnel matters 


18 


9 


Other (e.g. legal) 


3 


1 


Other - general 


1 


1 


Rounding off 'error* 


1 


1 


318, Engineers 195 1. Technicians 123. 

t 
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CATEGORY OF TASK 


Eng's % 


Tech's % 


Technical matters 


33 


33 


Manual skills 


9 


*H 


Econoraic/Fir.ancial matters 


15 


7 


Communication matters 


22 


10 


Management/Personnel matters 


18 


7 


Other (e.g. legal) 


2 


1 


Rounding off 'error' 


1 


1 



Other similar pairs of tables agreed as closely. This 
supported our belief that our data collecting process had good 
reliability and was valid. 
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6.4. METHODOLOGY AND DISTRIBUTION 



The manner in «hich questionnaires eventually reached 
the civil engineers and technicians in the groups of employers 
differed somewhat for each group but the guiding principle adopted 
was that as far as we could achieve it the selected numbers of 
engineers and technicians would receive the questionnaire kits. 
To do this we had in many cases to obtain permission from the 
heads of the various Commonwealth, State and Local Government 
bodies. Consulting firms, Contractors, and other companies. 
Notes about the procedures adopted for each of the strata of the 
population are given below. 

6.4.1. State Government Departments . 

These were approached at first by phone and then by 
personal interview with a view to explaining to heads of Civil 
Engineering Divisions or other senior administrators the nature 
and aim of the project and to gain their co-operation for the 
selection of the sample. Their co-operation was necessary to obtain 
the names of staff, and also for ease of distribution and collection. 
Most departments preferred for reasons of staff security (discussed 
earlier) to distribute the questionnaire to the sample chosen by 
the research team or to the sample they had selected under direction 
of the research team; and in some cases agreed to collect them and 
notify us when they had been completed. However, in some cases 
they were unwilling to supply the names of the people selected 
which presented a problem because names were necessary so that 
follow-up procedures could be used if necessary. To all departments 
it was stressed that employees should not be directed to complete 
the questionnaire, each individual must elect to assist with the 
research, theirs was the choice to make. 

Each potential respondent was given a questionnaire, a return 
addressed envelope and a covering letter explaining the nature of 
the project, which also requested his co-operation by completing 
the questionnaire. 

^.4,2. Commonwealth Government Departments . 

Here the procedure followed for State Government Departments 
was largely used. The major difference being that it was the Sydney 
Branches; of the departments that were contacted and these largely 
by* phone - requesting their co-operation and explaining the nature 
of the project. The departments were asked for names of employees 
so that a saTiple could be selected. Questionnaires were then sent 
by post to the relevant departments for distribution - each 
questionnaire being personally addressed (where names had actually 
been given) . 

These questionnaires were accompanied by the same explanatory 
material ac the State Government questionnaires. Respondents could 
ma;l the questionnaires direct to the project, or, if agreed to by 
the department head, return them to him for forwarding to us. 

For both Commonwealth and State Government Departments more 
tnan one typ« of questionnaire was distributed. The engineer and 
technician staff for the sample were divided into two groups, V? 
to be given the Task Analysis Questionnaire and 3/7 the Curriculum 
i;<uesti''^nnaire. The subjects for each section were selected randomly. 
A ca«sple of foremen was also taken to whom the foreman's questionnaire 
O was given. 
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6A.3> Consultants . 



The approach taken for consultants differed somewhat from 
that taken for State and Commonwealth Governments, The principals 
of each concern were approached by telephone firstly to determine 
the numbers and type of civil engineering staff employed and secondly 
to seek their co-operation for the main run and to explain the project 
in detail. The questionnaires were then, in most cases, delivered 
personally and the details of distribution discussed. Again it was 
stated that no pressure should be placed on respondents. In most 
cases no names were given which meant that follow-up was difficult. 

6.^,^. Contractors . 

Contractors had in many cases been contacted by mail early 
in the study to obtain information on the number of civil engineering 
staff employed. After the sample of companies iiad been selected 
further approaches by telephone were made to giiin the support of the 
managers for the distribution of the questionnaires. In most cases 
names of individuals were not given and the company was left to 
select its own sample according to the directions provided. 
Questionnaires were then mailed to the companies. 

For consultants and cortractors questionnaires were again 
of the three types - Task Analysis, Curriculum and Foreman's 
Questionnaire. However, no one organization received all three. 
Companies were selected randomly as to which would receive Task 
Analysis and which Curriculum Questionnaires. Foreman's Questionnaires 
went only to those companies receiving Task Analysis Questionnaires. 
This was done to simplify administration and distribution of the 
questionnaires. 

6»4«5. Local Government. 

This stratum of the sample received a treatment totally 
postal in nature. Letters were first sent to a random sample of 
local governments requesting the numbers of civil engineering staff 
in specific categories. A number of councils were then randomly 
dropped owing to the numbers of civil engineering staff exceeding 
the required sample size. The remaining councils were then divided 
in the proportion 3/7 and V7 for Curriculum and Task Analysis 
respectively. The councils were contacted again requesting their 
help in distributing the questionnaires to specific numbers and 
categories. Specific instructions were given as to the manner of 
distribution. Records of the questionnaires (all numbered) were 
kept, and also which were to go to engineers, which to technicians, 
and which to foremen. These questionnaires were bundled and clearly 
labelled and sent together with the letter to the council clerk 
for distribution. Councils selected for both Curriculum and Task 
Analysis received Foreman's Questionnaires. The larger number of 
Foreman's Questionnaires distributed to Local Government was in 
anticipation of an expected low response rate for foremen generally. 

The sampling method for Local Government was based upon the 
numbers of councils and not upon the population of civil engineering 
staff - all civil engineering staff being used in each selected 
council. This method was chosen for Local Government owing to the 
lack of explicit data as to the distribution of engineers, technicians, 
and for<»men in local government. 



A large range of industries were initially approached 
to determine whether civil engineering staff were employed^ A 
small number of industries in a limited range of activities were 
found to employ civil engineering staff. These companies were 
subjected to random selection and the sample so picked divided 
5/7 ani V7 for Curriculum and Task Analysis Questionnaires and 
the required numbers of respondents determined for the sample* 
These companies were again approached for their co-*operation. 
Due to the limited numbers in general industry ^ foremen were 
chosen from both * curriculum* and 'task analysis* companies to 
give a fuller picture of a foreman *s job in general industry* 

Much of the data on staff was gathered from Head Offices 
interstate » and it was found upon contact with local branches 
that the figures given by Head Office for N.S^W. were often 
innaccurate, thus disturbing the calculated numbers for the sample* 
This was overcome by taking more from those companies with a 
numerically larger civil engineering staff. 

The managers of these companies were contacted again 
to seek their co-operation in distribution of the questionnaires* 
Further letters were written enclosing detailed instructions for 
the distribution of particular questionnaires according to 
number^ questionnaires were bundled, clearly labelled and posted 
to the relevant person. Again there was no real means of follow- 
up as names were not supplied although the distributing letter 
requested that such a list of names be forwarded to us after 
distribution* 

6»^>7* General Comments. 

As can be seen the overall procedure for each stratum of 
employers was the same aTEfiough specific methods varied* Each 
Gtretum of employers had different coloured questionnaires to 
facilitate distribution and ease of grouping returns. Questionnaires 
were individually numbered for easy reference and punching. Each 
questionnaire was accompanied by a covering letter as already 
described, and addressed reply {non-stamped} envexope. 

It was decided before actual distribution commenced that a 
minimum response of twenty-five percent must be obtained despite 
the size of the questionnaire and that follow-up procedures would 
probably need to be employed. The nature of these would relate to 
the procedure used for disseminating the questionnaires and would 
consist either of individual letters or approaches to the people 
concerned in organisations with distribution of the questionnaires* 

Some government departments in addition to requesting that 
it be specified that questionnaires be completed in the staff member •s 
time also requested that a return time limit be placed upon the 
completion of the questionnaire. These were largely departments who 
had offered to collect all returns and keep them for collection. 

We held reservations about the likelihood of obtaining a 
twenty-five percent response rate for the foremen because of all the 
difficulties already mentioned. However, the population was 
hcmogeneoust and the study with foremen had a lower priority. These 
combined led us to adopt a less rigorous approach to a minimum 
standard of response. 



7. RgSPONgE. BDITIKO. PREPARATION OF DATA. AND DATA PROCESSING 



7»^» RESPONSE . 

Tbt response to the Task Analysis Questionnaire was fairly 
even both across enployers and vithin individual groups of employers » 
Soae departures in detail frou the saople design did occur and these 
are discussed in the next Chapter, in o«1»1. The overall response 
was slightly higher than ^3 percent, i*e. total response against 
questionnaires effectively distributed* The number of completed 
questionnaires returned as a percentage of designed sample size was 
4l percent* 

The response to the Curriculum Analysis Questionnaire was 
slightly lover at an overall 37 percent and was especially low for 
the contractor group of employers* This was perhaps understandable 
as the relevance of *'design" to this group was marginal. In fact, 
the group was almost excluded at one stage of the sample selection* 
The number of completed questionnaires returned as a percentage of 
designed sample sise was 32 percent* 

The respottss to the Foreman's Questionnaire was the lowest at 
about 21 percent but bearing in mind the difficulties that many 
foremen have, e*g» the immediate urgency of the job to keep it moving, 
and rudimentary office facilities in which to complete the 
quer^ionnaire, this low figure was perhaps understandable and 
commendable* An examination of the response to the Foreman's 
Questionnaire showed the best response from State Government employees, 
followed by Commonwealth Government, Local Government, and Construction 
oofflpany employees in dsscending order. 

The details of the response are given in tte following table, 

7#1.1. 
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7.2. sd-lting and preparation of data. 



Questionnaires were edited and coded to a pre-determined plan. 
Classification of answers to the open-ended questions in the Task 
Analysis Questionnaire presented no great problems although the 
possible answers to one small group of questions was fairly extensive. 
Editing and coding the returned questions was ther' "ore a simple job, 
albeit a very time consuming one. The volume of information was 
large and 13 punch cards were required for each Task Analysis 
Questionnaire, ten for each Curriculum Questionnaire and five for 
each Foreman's Questionnaire. 

The answers were first transferred in code form to pui.sh card 
layout sheets. As mentioned in the previous chapter a randomly 
selected 20 percent of these sheets were then re-checked completely. 
Errors at this stage were low, averaging slightly less than 0.1 per 
cent. Some defects in classification and/or coding were detected 
as the work of examining the data progressed and all layout sheets 
were modified to eliminate these. These defects were connected with 
specific items such as the responsibility rating. 

Cards were punched and verified by the punch card machine 
system in the computer facility at Macquarie University. As the 
cards were returned they were examined to establish that each 
respondent had the correct number of cards, and that each respondent 
who had completed a questionnaire was represented by a set of data 
cards. Cards were computer listed to determine if errors in cards, 
traceable to editing, existed, or any other errors could be detected- 
Every effort was made to establish a pure bank of data. 

7.5. DATA PROCESSING . 

Some initial processing of the data was carried out on the 
IBM 1'+60 equipment at Macquarie, but most of the work made use of 
the services of the Compunet organization and their Univac 1108 
equipment * 

A problem with a survey of this nature is deciding what the 
approach to processing the data will be. Some broad decisions were 
taken early on to the effect that the data from the Curriculum 
Questionnaire would be examined aid processed by the N.S.W. Institute 
of Tei mology. The editing of Curriculum Questionnaires and the 
prepai tion of punched cards were carried out by the project team 
at Macquarie but the data cards and other information were transferred 
to the Institute for processing there since the quettionnaire had 
been designed by the staff of the Institute and they were therefore 
in the best position to analyse the data. This particular analysis 
will be reported separately in Volume II of this report later this 
year. It was decided that the Task Analysis Questionnaire data and 
the Fort-man's Questionnaire data would be analysed by the project 
team at Macquarie. 

In the approach to data processing there is often perhaps a 
tendency to think that a programme package exists which when placed 
with the data cards in the computer will produce all the important 
information and tables needed. Thus the possibility that any important 
correlation would be missed or that any null hypothesis would fail 
to be rejected at acceptable confidence levels, would be eliminated. 
We spent some time examining this approach but a number of factors 
became apparent in this present study. We did not readily come across 
a suitable programme package, th^t is not to say\one doesn't exist. 
In the Task Analvsis Ouestionnaire data bank, abo^t 230.000 bits of 
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tendency to think that a programme package exists which when placed 
with the data cards in the computer will produce all the important 
information and tables needed. Thus the possi'jility that any important 
correlation would be missed or that any null hypothesis would fail 
to be rejected at acceptable confidence levels, would be eliminated. 
We spent some time examining this approach but a number^ of factors 
became apparent in this present study. We did not readily come across 
a suitable programme package, that is not to say one doesn't exist. 
In the Task Analysis Questionnaire data bank, about 250, C DO bits of 



information existed, i.e. about 750 bits per subject of which 
six or seven at the most could be called independent variables, and the 
remaining 7^0 or so were dependent. The possibilities i interaction 
were therefore astronomical in number. The facilities tnat existed 
for assistance with programming at Macquarie, small as we knew they 
were, virtually became non-existent, particularly in 1973 when 
student enrolments in the computer courses and computer dependent 
courses markedly increased. The computer laboratory also suffered 
staffing problems in 1972 and 1973. In total these latter difficulties 
meant we were thrown on our own resources if we wanted programming 
assistance. We never contemplated at any stage on getting deeply 
involved in writing programmes, that is not to say we could not, 
but rather that no resources were allocated or available for 
extensive effort in the field of sophisticated programme writing. 

In view of this a simple approach to data processing was 
adopted. It was not until near the end of the present part of the 
study that data was streamed onto magnetic tape and disc (two separate 
files, one at Macquarie University and one at N.S.W. Institute of 
Technology) with a view to using more sophisticated overall programmes, 
e.g. McQuitty's cluster analysis method, modified by the School of 
Behavioural Sciences, Macquarie, or more intricate searches and 
classifications of the data of the sort used throughout the processing. 

Thus our first approach to processing the data from the Task 
Analysis questionnaire?, and the Foreman's questionnaires was based 
on devising the most powerful analytical tools (ideas), on using the 
card sorting inachin*? and manual sorting methods, on developing a very 
simple programme providing percentages and frequencies for certain 
questions, on using the computer to provide simple percentages and 
frequencies for hand or machine selected sub-decks of data cards, on 
using electronic calculators to carry out other complex calculations 
and so on. 

All those steps we could take away from the computer facility 
we took away. Computers are excellent tools but on occasions it is 
quicker to utilise the card sorting machine before, and a calculating 
machine after some simple data processing on the computer than spend 
considerable time developing or modifying a programwe, removing all 
the defects from it, and then using it. 

The question of statistical treatment of the results of data 
analysis was frequently discussed during the study. The approach 
to defining the population in the study and the selection of the 
sample was as rigorous as we could make so that we would be free -o 
use the tools of statistical mathematics later in the study if we so 
wanted. 

As the examination of the data developed no pressing need to use 
statistical mathematics arose. Gross differences were readily 
detectable, and in considerable number, we never got as far as exa-nining 
small differences and determining their significance. The raw data 
is included in Appendises to this report for readers to examine and 
re-interpret as they wish. 
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8.1> TASK aXA1.V.-^ 1S 

8#1#1, Exan^inauion oT the data 

The de3it;n of the sui^vey schedule^ or task analysis question- 
naire as it came co oc' called daring the study, was discussed in 
Chapter Six. 'i^ne Tir^t pare of the questioanaire, labelled 
'•individual aata sheec** sou^'h c oasic information from each subject 
about what type of work no did, where he worked, his job title and 
level in the ov^uiiizutiou ^ age, education etc. 

The collected data concerning this section has been examined 
in a number of ways, firstly to determine if the respondents as a 
group appeared unusual in any way, for example were predominantly 
under twenty- five years of age, or mainly possessed diplomas and also 
to see if the response in detail matched the design of the sample • 
The tabulated data are presented in Appendix 1. 

Exstmlnation oT the tables has not suggested the group of 
respondents is atypical in any way. Also the match between the 
broad aainple desxgn for ihe Tasr. Analysis questionnaire and the 
response iu good. Overall, novi/over, the number of technicians in 
the final sami^le instead of being about equal to the number of 
engineers is less cnan t.ne lacier (150 technicians and 201 engineers), 
and was causeci by a redticed response from design technicians (drafts- 
men) and also by tecLz*ic;ians engaged in construction activities. 
Fortunately, however, the ral^io in the response (ca. 5*"^) agrees 
well with the ratio in the population. One other area of mis-match 
concerns the Local Governnieut secciou oT tne sample* When the 
details of tnis section ox the sample were worked out we feared the 
response would be poor because of the wide physical dispersion of 
the population, and the great ra:ige of sise of the employing munici- 
palities and shire councils* To counteract this the sample was 
increased relative to the samples from other sections of the total 
population. However our fears were not realised and the response 
was good. Therefore, relative to the response from other sections 
of population in the overall sample the response for Local Government 
is greater. This sab-gr:>up was not reduced by random sampling to 
give the correct weigat nov^ever, since inspection of the responses 
showed clearly that these are the '^general practitioners" of civil 
engineering and have a profile of activities which is average compared 
with those employed in s^ate Government Departments, by Consultants 
and by Contractors. Fur uhenuore , as the study developed it appeared 
that type of employer would be a juess powerful analytical tool than 
type of work. in tni^j respect respondents from the Local Government 
sector would have optea for one or other of the type of work categories 
in their replies, as aid other respondents, even if their work tended 
to be more of a n*ixture of activities taan respondents from other 
categories of employer. In all therefore we assumed the effect of 
over ropreson tation of Local Government employees in the response 
would be minimal. 

One final point concerned General Industry, a minor sector o^ 
the population, from which tae response was poor. Because of its 
unimportance as ar. employer of civil engineers, the low response rate 
and of our limited interest in type ox employer as an analytical tool, 
very little reference to General -ndust.y occurs in this report* 

The questionnaire consisted of a number ^f^ct^Anss v^^s 



The design of the survey schedule, or task analysis question* 
naire as it came to oe called during the study, was discussed in 
Chapter Six. 'jChe first par^ of the questionnaire, labelled 

individual data sheet" sought basic information trom each subject 
about what type of work iie did, where he worked, his job title and 
level in the organi^atioii, agt , education etc# 

The collected data concerning this section has been examined 
in a number of ways, firstly to determine if the respondents as a 
group appeared unusual in any way, for example were predominantly 
under twenty- five years of age, or mainly possessed diplomas and also 
to see if the r:sponse in detail matched the design of the sample. 
The '(tabulated data are presented in Appendix 1# 

Examination of the tables has not f^uggested the group of 
respondents is atypical in any way. Also the match between the 
broad sample design for cine Tasn Analysis questionnaire and the 
response ia good. Overall, however, the number of technicians in 
the final sample instead of being about equal to the number of 
engineers is lesv unau la^ lacier (130 technicians and 201 engineers)^ 
and was causea by a reduced i^e^i Dnse from design technicians (drafts- 
men) and also by technicians engaged in construction activities. 
Fortune* "^ely , however, the racio in the response (ca. agrees 
well with the ra^io in the population. One other area of mis-match 
concerns the Local Goveruriieut rcjcciou oT the sample. When the 
details of tnis section oi the sample were worked out we feared the 
response would oe poor because of the wide physical dispersion of 
the population, and tae great range of sise of the employing munici- 
palities and siiire council^s. To counteract this the sample was 
increased relative to the samples from other sections of the total 
population. However our fears were not realised and the response 
was good. There lore, relative to the response from other sections 
of population in the overall sariiple the response for Local Government 
is greater. This sub-^rDup wan not reduced by random sampling to 
give the correc:^ weigVit iiov/uver, since inspection of the responses 
showed clearly that these are the ♦^generax practitioners** of civil 
engineering and have a profile of activities which is average compared 
with those employed in .Scate Government Departments, by Consultants 
and by Con trac tors • Fur Uienaore, &.s the study developed it appeared 
that type of employer would be a less powerful analytical tool than 
type of work. La tuiis respect respondents from the Local Government 
sector would have op tea x'or one or other of the type of work categories 
in their replies, as aid other respondents, even if their work tended 
to be more of a mixture of activities taan respondents from other 
categoriera of employer. In al3. therefore we assumed the effect of 
over ropreoontation of Local Governiifent employees in the response 
would be minimal. 

One final point concerned General Industry, a minor sector of 
the population, from which '^'ae response was poor. Because of its 
unimportance as ar. employer of civil engineers, the low response rate 
and of our limited interest in type of employer as an analytical tool, 
very little reference to General Industry occurs in this report* 

The questionnaire consisted of a number of sections, viz: 

(a) Broad Task Analysis 

(b) Sub-categories of tajk-analysis 

(c) Tecnnical masters - usage 

(d) Training analysis 

(e) Open-ended questions on deficiencies in training etc. 
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The data concerned with these sections are presented in 
Appendices 2-8 with the exception of the Broad Task Analysis, part 
of the data for which is presented in this chapter. 

The analytical approach to all the data was, in the first 
instance, unsophisticated* 

The first analysis was a comparison of the data for engineers 
with that for technicians. Some discussion took place on what 
determined whether a respondent was an engineer or technician* 

The basis used in this study for sorting respondents into one 
category or the other took into consideration the title of the job the 
respondent held and his position in the hierarchy as shown by the 
outline organisation chart, that is the nob don^ was the criterion 
not wriether the occupant was qualified to become a member of a 
professional organisation. I'his avoided the error of classifying 
some as engineers even though they were employed as technicians, and 
others as technicians even though they were employed as engineers. 
Four sub-levels of engineers and three of technicians were allowed 
for in coding. These are seldom referred to in the report^ one 
exception being Table A. 1.10, Appendix 1- In general the number of 
levels was reduced to two - engineer and technician* 

At a later rtage of the study we sought the views of two 
authoratative panels, one of "professional*^ engineers, and one of 
technic ians,t in civil engineering, on what characterized an engineer's 
work on the one hand, and a technician's work on the other. The 
opinions we obtained did not provide a hard and fast line of demarca- 
tion between the two levels. Theoretically one ought to be able to 
define an engineer's :,ob as having a certain mix of skills and know- 
ledge and a technician's job another mix, but in doing this one 
imniediately becomes involved in the detailed examination of potential 
and utilising skills. We did not feel competent to evaluate 
theoretical combinations and classify one combination as engineer 
type and another as technician type, and we were unable to obtain 
guidance in anything like general terms or educational attainments. 
We felt more competent to look at a man's position in an organisation 
and say a respondent was employed either as an engineer or a techaioian. 
This pragmatic approach was used throughout. 

Certainly there is overlap at the ooundary between what an 
engineer does and a technician does, but overlap occurs at any of 
the other boundaries that exist, e#g# between non-management and 
managerr t , junior management and senior management, draftsman and 
chief draftsman ar.d s^* on. Nevertheless the boundaries can be 
delineated. 

As mentioned earlier, work classification turned out to be a 
powerful analytical tool. In order to cope with the data this 
clan:;i f ication was reduced to three (c.f. six depicted in model - 
chaptcfr four). These three classifications were;- 

(a) design 

(b) construction 

(c) other work 

U For the purposes of the analysis soroe jombination classifica- 

^tion.7 used in coding and editing, e.g. construction and maintenance 
vere included with the overall construction classification - (b) above. 



The first analysis was a comparison of the data for engineers 
with that for technicians. Some discussion took pXace on what 
determined whether a respondent was an engineer or technic if 



The bar.ir> ust^d in this study for sorting respondents into one 
category or the other took into consideration the title of the job the 
respondent i-eld and his position in the hierarchy as shown by the 
outline organisation chart, that is t he .1ob done was the criterion 
not wnether the occupant was qualified to become a member of a 
professional organisation. This avoided the error of classifying 
some as engineers even though they were employed as technicians, and 
others as technicians even though they were employed as engineers. 
Four sub- levels of engineers and three of technicians were allowed 
for in coding. These are seldom referred to in the report, one 
exception being Table A. 1.10, Appendix 1. In general the number of 
levels was reduced to two - engineer and technician. 

At a later stage of the study we sought the views of two 
authoratative panels, one of "professional" engineers, and one of 
technicians, in civil engineering, on what characterized an engineer s 
work on the one hand, and a technician's work on the other. The 
opinions we obtained did not provide a hard and fast line of "demarca- 
te on between the two levels. Theoretically one ought to be able to 
: fine an engineer's job as having a certain mix of skills end know- 
ledge and a technician's job another mix, but in doing this one 
i'.r-diately b.-comes involved in the detailed examination cf potential 
and utilising skills. We did not feel competent to evaluate 
theoretical combinations and classify one combination as engineer 
type and another as technician type, and we were unable to obtain 
guidance in anything like general terms or educational attainments. 
We felt more competent to look at a man's position in an organisation 
and say a respondent was employed either as an engineer or a technician. 
This pragmatic approach wa«i used throughout. 

Certainly there is overlap at the boundary between what an 
engineer does and a technician does, but overlap occurs at any of 
the other boundaries that exist, e.g. between non-management and 
manageT.ent, junior management and senior management, draftsman and 
chief draftsman and so on. Nevertheless the boundaries can be 
delineated. 

As mentioned earlier, work classification turned out to be a 
pow^jrfui analytical tool. In order to cope with the data this 
clar.:nfication was reduced to three (c.f. six depicted m model - 
chaptor four). These three classifications were:- 

(a) design 

(b) construction 

(c) other work 

For the purposes of the analysis some combination classifica- 
tion.: used in coding and editing, e.g. construction and maintena.ice 
were included with the overall construction classification - {.\>) above. 

Thus the basic approach to the analysis cf the data on tasks 
was two folds - 

(a) two values of level - engineer, ^ technician 

(b) three values of type of work - design, construction, 
and other work* 
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TABLE 8.1.5. 



TASK ANALYSIS BY VARIOUS EMPLOYERS 
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n = 505; 



Consultants 71 

Contractors 56 

State Government 115 

Local Government 85 



CATEGORY OF TASK 

Technical matters 
Manual skills 
Economic/Financial matters 
Communication matters 
Management/Personnel matters 
Other (e.g. legal) 
Rounding off 'error' 



CONSULTANTS 


CONTRACTORS | 


STATE 
GOVT. 


LOCAL 
GOVT. 


56 


% 




% 


35 


51 


5^ 


29 


33 


7 


22 


20 


7 


25 


10 


12 


15 


19 


18 


18 


10 


17 


12 


17 


1 




h 




1 


1 


0 


0 



In the next table - 8.1.**.. the time allocated to the 
categories of task has been analysed with respect to the ages of the 
engineers and technicians. 
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TASK ANALYSIS BY AGE 



n = 518; 



Engineers 
It 

It 

Technicians 
It 



20-30 yrs. 78 

51-^0 yrs. 60 

k^ & over 57 

20-30 yrs. 8^ 

31 & over 39 



ENGINSSBS 

CATEGORY OF TASK 

Technical matters 
Manual skills 
Economic/financial 
Communication 
Management/Personnel 
Other, e.g. legal 
Rounding off 'error* 



Technical matters 
Manual skills 
Economic/f inane ial 
Communication 
Management/Personnel 

Other, e.g. legal 
Rounding off 'error* 



20-30 yrs. 


31-^0 yrs. 


k^ 8f over 


52 


35 


32 


11 


7 


8 


16 


13 


16 


23 


23 


20 


16 


18 


21 


2 


k 


3 


0 


0 


0 




5 
8 
6 
2 
1 



2k 

7 
16 

9 
2 
1 
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Many observations can be made about the results presented 
in tie- previous tables, and the nature of the task profiles which 
havo ..merged. Apart from the relative percentage time allocations 
to the varicuG categories of activity, which of themselves are of 
great interest, the major observations perhaps are:- 

(a) Engineers engaged in design have a different work 
profile from engineers engaged in construction, and 
engineers on other work. This differs by being 
concerned more with technical matters and less with 
economic/financial, and management matters. 

(b) The time spent on non- technical and non-manual skills 



tt 

Technicians 



31-**0 yre . 60 

1*1 & over 57 

20-30 yrs. 8** 

31 St over 39 



ENGINEERS 



CATEGORY OF TASK 


20-50 y>:-. 


31-^0 yrs. 

Ill ■ II tm 1 


k^ & over 


Technical matters 


i 

32 ' 


% 

35 


32 
8 
lb 
20 
21 

3 
0 


Manual skills 
Economic/financial 
Communication 
Management/Personnel 


- 1 

16 i 
16 


7 

13 
23 
18 


Other* o.g. legal 
Rounding off 'error* 


2 

0 


0 


TECHNICIANS 




51 & over 




Technical matters 
Manual skills 




ifl 

2if 




Economic/fxnancial 




7 
16 




Communication 


a 




Management/Personnel 


6 


9 




Other, e.g. legal 


2 


2 




Rounding off 'error* 


1 


1 





Many observations can be made about the results presented 
in th.. previous tables, and the nature of the task Profiles ^^if 
hav- -m*.'rged. Apart from the relative percentage time allocations 
to the various categories of activity, which of themselves are of 
groat interest, the major observations perhaps are:- 

* (a) Engineers engaged in design have a different work 

profile from engineers engaged in construction, ana 
engineers on other work. This differs by being 
concerned more with technical matters and less with 
economic/financial, and management matters. 

(b) The time spent on non-techrical and non-manual skills 
activities is Sk per cent and '♦6 per cent for engineers 
in construction, and engineers in design respectively. 
Moot of this is concerned with communication matters and 
management matters, but economic/financial matters occupy 
much time also. 
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(c) The work of technicians when compared with engineers 
appears to be more concerned with technical matters 
and manual skills. 

(d) The work of either engineers or technicians does not 
appear to change much with age, although there is a 
suggestion that there might be small changes in a 
technic ism's work as he gets older. 

Data concerning the frequency of use of the various categories of 
rank are presented in Appendix 2. The pattern of frequency of 
use follows the pattern of time allocation to the various tasks. 

8.1.3. Sub^categories of Task (excluding Technical Matters ) 

Each category of task vizs- technical matters, manui-i ikills, 
economic/financial matters, communication/exchange of inform;* Lon 
matters, and management and personnel matters was composed ot it 
number of individual items. These items, or sub-categories of task 
were detailed on pages 7 and 8 of the questionnaire and inlo mation 
about the allocation of time to these tasks, the frequency of use, 
and their importance was sought, similar in nature to that sought 
about the broad categories of task. Respondents who had indicated 
nil use of a category of task in the broad task analysis did not 
complete the section concerned with the sub-categories of that task, 
for obvious reasons. Thus the information on these sub-categories 
refers only to those people who used the broad category at some time 
in their daily work. 

The results obtained for the categories of task a-re detailed 
in Appendices 3-6 as follows :- 

Manual skills - Appendix 3 

Economic- financial matters - Appendix k 

Communication/exchange of information - Appendix 5 

Management and Personnel matters - Appendix 6 

It is not proposed to discuss these results in detail but 
attention can be drawn to some of the main features 

(a) Manual skills: The various manual skills were all used, but 
the extent to which they were each used depended on the nature 
of the work. This applied to engineers as well as technicians. 
Thus drafting dominated in design work, and clearly drafting is 
the major manual skill used in civil engineering. Much time 
was also spent generally using survey instruments, but techni- 
cians in construction work and other work spent more time using 
laboratory apparatus than on surveying. The 'other' category 
included such skills as driving vehicle. 

(b) Economic/ financial matters: Here again one particular item 
dominated, this was "costing of, and costs of projects". The 
item covered both the estimating aspect of projects and the 
attention to cost details during the execution of the project. 
Neither type of work nor level of employment altered the picture 
a great deal. For those respondents who were involved in this 
tasK, and most were, the financial cost aspects of civil engineer- 
ing works were of great importance and regularly in use. 



appear to change much with age, although there is a 
suggestion that there might be small changes in a 
technician's work as he gets older. 

Data concerning the frequency of use of the various categories of 
rank are presented in Appendix 2. The pattern of frequency of 
use follows the pattern of time allocation to the various tasks. 

8.1.3* Sub-categories of Task (excluding Technical Matters) 

Each category of task vizs- technical matters, manual skills, 
economic/financial matters, communication/exchange of information 
matters, and management and personnel matters was composed of a 
number of individual items. These items, or sub-categories of task 
were detailed on pages 7 ari 8 of the questionnaire and information 
about the allocation of time to these tasks, the frequency of use, 
and their importance was sought, similar in nature to that sought 
about the broad categories of task. Respondents who had indicated 
nil use of a category of task in the broad task analysis did not 
complete the section concerned with the sub-categories of that task, 
for obvious reasons. Thus the information on these sub-categories 
refers only to those people who used the broad category at some time 
in their daily work. 

The results obtained for the categories of task are detailed 
in Appendices 5-6 as follows :- 

Manual skills - Appendix 5 

Economic- financial matters - Appendix k 

Communication/exchange of information - Appendix 5 
Management and Personnel matters - Appendix 6 

It is not proposed to discuss these results in detail but 
attention can be drawn to some of the main features 

(a^ Manual skills: The various manual skills were all used, but 

the extent to which they were each used depended on the nature 
of the work. This applied to engineers as well as technicians. 
Thus drafting dominated in design work, and clearly drafting is 
the major manual skill used in civil engineering. Much time 
was also spent generally using survey instruments, but techni- 
cians in construction work and other work spent more time using 
laboratory apparatus than on surveying. The 'other* category 
included such skills as driving vehicle. 

(b) Economic/financial matters: Here again one particular item 
dominated, this was "costing of, and costs of projects". The 
item covered both the estimating aspect of projects and the 
attention to cost details during the execution of the project. 
Neither type of work nor level of employment altered the picture 
a great deal. For those respondents who were involved in this 
task, and most were, the financial cost aspects of civil engineer 
ing works were of great importance and regularly in use. 

(c) Communication/exchange of information: The picture here was 
less one-sided. Sketching used by all, but mostly by engineers 
and technicians in design work, was also considered very 
important by them. However, its use did not occupy as much 
time as the more usual forme of communication. These aspects, 
writing, talking and reading, were used roughly equally and had 
similar degrees of importance attached to them. 
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(d) Management and Personnel matters: Whilst the:3e two groups of 
activity were combined and listed together m the questionnaire 
thoy were in fact neparate and the results indicate that for 
those people engaged in management and personnel matters, their 
work was predominantly of the management category rather than 
the personnel category (ratio approx. 5:1). Within the manage- 
ment category the sub-categories were all well f 
possibly directing and organizing being of greatest importance, 
followed closely by planning. 

It must be emphasised that the above comments in total refer 
to those respondents who indicated use of the various categories of 
task. In some cases the number of respondents concerned was low, 
e.g. technicians - construction, and technicians - other work, 
concerned with economic matters where the values of 'n* were 7, and 
6 respectively. 




8.1.4. Technical Matters: Sub-Catego rv of Task 

The main feature of engineers' and technicians' the 
utilisation of appropriate technical knowledge. Much of this basic 
knowledge is gained at post-secondary institutions where engineers 
and technicians are expected to acquire knowledge skills anc attitudes 
from their training that can be applied to their subsequent ;rk 
activity. 

The problems associated with defining the technical items used 
bv civil engineers and technicians were dealt with at length in 
Chapter 6. The list of "elements" of civil engineering knowledge 
that was finally assembled amounted to sixty- three separate items 
and th-y were all identified in terras used by training institutions 
^t inlerms emanating from or having evolved from the work situation. 
Resources were not sufficient to overcome this weakness and it remains 
modified we hope in the opportunity liberally provided for the 
addition of items by the respondents. It gives this P^^t of our 
work the appearance of using a "standard" curriculum as a target at 
which shots are being aimed to eliminate certain items. *e jo^^d 
rather have been able to define how certain items were used and in 
what combination with non- technical items or procedures they were 
used, and thus establish new curriculum objectives or even construct 
a nei curriculum, or part of, rather than merely to suggest deletions 
or additions to a standard traditional type of curriculum. 

Questions concerned with Technical matters occur on pages 5-6 
of the questionnaire. The data obtained are detailed in Appendix 7, 
which IS sub-divided into six sections, namely engineers and 
technicians by the three types of work used hitherto. Criteria used 
in tho examination of this data were 

(a) to determine which "elements" of civil engineering knowledge 
are used roost frequently, 

(b) which have greatest importance attached to them by the 
respondents, 

(c) which are considered most difficult, and 

'd) what level of knowledge is associated with the most 
frequently mentioned items. 

So that these terras are understood at this stage the instructions 
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e.g. technicians - construction, and technicians - other work, 
concerned with economic matters where the values of 'n* were 7, and 
6 respectively. 



8.1.4. Technical Matters: S ub-Categorv of Task 

The main feature of engineers' and technicians' work is the 
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Resources were not sufficient to overcome this weakness and it remains 
modified we hope in the opportunity liberally provided for the 
addition of items by the respondents. It gives this P^f °J 
work the appearance of using a "standard" curriculum as a target at 
which shots are being aimed to eliminate certain items. We would 
rather have been able to define how certain items were used and m 
what combination with non-technical items or procedures they were 
used, and thus establish new curriculum objectives or even construct 
a nei curriculum, or part of, rather than merely to suggest deletions 
or additions to a standard traditional type of curriculum. 

Questions concerned with Technical matters occur on pages 5-6 
cf the questionnaire. The data obtained are detailed in Appendix 7, 
which IS sub-divided into six sections, namely engmeet-s and 
technic.ana by the three types of work used hitherto. Criteria used 
in thn Axamination of this data were 

(a) to determine which "elements" of civil engineering knowledge 
are used most frequently, 

(b) which have greatest importance attached to them by the 
respondents , 

(c) which are considered most difficult, and 

(d) what level of knowledge is associated with the most 
frequently mentioned items. 

So that these terms are understood at this stage the instructions 
concerning them, detailed in the questionnaire, are reproduced 
below. 

"In the section on pages k and 5 dealing with Technical 
Matters please indicate in connection with - 
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use - those elements or parts of civil engineering know- 
ledge which you use in the performance of your job, 
by placing a tick against them. 
Please write 'O' against those you do not use. 

For those elements of civil engineering knowledge you use 
i.e., those you have ticked please indicate - 

LEVEL OF KhO«LEDGE - by ^electing one of the following code 
numbers with the meanings^ as giveni- 

1 = Advanced level of knowledge of the whole element 

2 = General level of knowledge of whole element 
5 s Specialised knowledge of part of element 

k a Very specialised knowledge of small part of element 

FREQUENCY of use by selecting one of the following code 
numbers with their meanings as given:- 

1 = Regularly, frequently, i.e. every day or every other 

day 

2 s Frequently, i.e. about once a week 

3 = Not frequently, i.e. about once a month 

k = Infrequently, i.e. less than 10 times a year 

IMPORTANCE - i.e. whether knowledge of the particular element 
is important in your job. Your answer to be selected from 
the following code numbers with their meanings as given:- 

1 = Very important, easy to acquire 

2 = Very important, diffi'ilt to acquire 
5 = Important, easy to acquire 

k r Important, difficult to acquire 
5 = Not important 

DIFFICULTY - please indicate how difficult you consider the 
handling or understanding of this particular element of 
knowledge to be. Please sc'lect your answer from the follow- 
ing code numbers with the meanings as given:- 

1 = Very difficult 

2 = Difficult 

5 Moderately difficult 

4 = Easy 

USE IN YEAR - in the last column indicate whether you have 
used the element of civil engineering knowledge in the past 
12 months. Please answer 1 or 0 (used, or not used). 

Finally, if there are "elements" of civil engineering know- 
i ledge you use, and which are not included in the listing 

i please write about them on page 6, or if there is insufficient 

space on pages ^ 8f 5, please continue on page 6, marking the 

section referred to clearly. Any amplification you think 

would be helpful would be appreciated." 

In the interests of brevity we have severely United the 
! volume of data we include at this point. This has been done by 

studying the frequency of response and then ranking the "elements" 
of civil engineering knowledge for each of the categories -f response 
O viz* use/do not use, frequency of use, importance, and difficulty. 

l ERjC Thus the rankings in the following table are based on the rankings 

under all of the responses and not simply the ranking under the use/ 



For those elements of civil engineering knowledge you uve 
i.e., those you have ticked please indicate - 



LEVEL OF KNOWLEDGE - by selecting one of the following code 
numbers with the meanings as given:- 

1 - Advanced level of knowledge of the whole element 

2 s General level of knowledge of whole element 

3 s Specialised knowledge of part of element 

h s Very specialised knowled/te of small part of element 

FKSQUENCY of use by selecting one of the following code 
numbers with their meanings as given!- 

1 = Regularly, frequently, i.e. every day or every other 

day 

2 sr Frequently, i.e. about once a week 

3 = Not frequently, i.e. about once a month 

k = Infrequently, i.e. less than 10 times a year 

IMPORTANCE - i.e. whether knowledge of the particular element 
is important in your job. Your answer to be selected from 
the following code numbers with their meanings as given:- 

1 = Very important, easy to acquire 

2 s Very important, difficult to acquire 
5 = Important, easy to acquire 

4 = Important, difficult to acquire 

5 = Not important 

DIFFICULTY - please indicate how difficult you consider the 
handling or understanding of this particular element of 
knowledge to be. Please select your answer from the follow- 
ing code numbers with the meanings as given ;- 

1 = Very difficult 

2 = Difficult 

5 = Moderately difficult 
k a Easy 

USE IN YEAR - in the last colum»i indicate whether you have 
used the element of civil engineering knowledge in the past 
12 months. Please answer 1 or 0 (used, or not used). 

Finally, if there are "elements" of civil engineering know- 
ledge you use, amd which are not included in the listing 
please write about them on page 6, or if there Is insufficient 
space on pages ^ & please continue on page 6, marking the 
section referred to clearly. Any amplification you think 
would be helpful would be appreciated." 

In the interests of brevity we have severely limited the 
volume of data we include at this point. This has been done by 
studying the frequency of response and then ranking the "elements" 
of civil engineering knowledge for each o** the categories of response 
viz. use/do not use, frequency of use, importance, and difficulty. 
Thus the rankings in the following table are based on the rankings 
under all of the responses and not simply the rankinjj under the use/ 
do not use response. Not unexpectedly, for each of the groups of 
engineers and technicians, the first few places in the ranking for 
each of the categories of response contain virtually the same items. 
It has been possible therefore to readily compile short lists of 
those "elements" of civil engineering knowledge to which are attached 
the greatest significance by the various groups of engineers and 
technicians. A number of criteria were looked at as a basis for 
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limiting the number and "elements" to be included, and where the 
cut off point should be. Eventually it was decided to include the 
top twelve to fifteen "elements" because at about this number there 
appeared to be a demarcation in usage etc. In order to quantify 
in some way those "elements" included in the list the mean frequency 
of "do use" for the "elements" was calculated in each case, and then 
compared with the mean "do use" for all "elements". These means 
are given at the bottom of Table 8,1.5. Note also that in this 
table 'X* indicates major use. 
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TABLE S.^.% "ELEMENTS" OF CIVIL ENOtNEnRlNr, KNO.VLEDGS 

OF GREATEiJT SIGNIKICANCE TO ENGINEERS AND 
TECHNICIANS IN VARIOUS TYPES OF WORK. 





''ELEMENTS" OF CIVIL 
ENGINEERING KNOWLEDGE 
(order below has no 
significance and follows 
the list used in the 
questionnaire) 


11 
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n to 


O 

CO 

PC e-i 

:^ o: 
o to 
o 


to a: 

OS O 

Qc 

da o 
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TECHNICIANS 
- DESIGN 


TECHNICIANS 
- CONSTRUCTION 


TECHNICIANS 
- OTHER WORK 


STRUCTURES 


Stress calculations 
Frame analysis(manual methods) 
Design-roetal structures e»g. steel 
-concrete " 

" -code of practice 
-safety factors 


X 

X 
X 
X 

V 
A 

X 
X 




X 

X 

X 


X 
X 
X 
X 






< 

1-4 

CC 
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Mechanical testing 

Quality control 

Selection and specification 

Concrete 

Road materials 


X 
X 


x 

X 

X 
X 


X 
X 


X 


X 
X 
X 
X 
X 


X 


a: 
< 


ooiving nycirauixc prooxenis 
(using formulae and handbooks) 
Solving hydrology problems 
(using standard procedures) 






X 


X 

K- 






SOILS 


Field investigations 
Laboratory investigations 
Foundation design and assessment 
Earth structure design 


X 
X 


X 
X 


X 

X 

X 




X 
X 

X 


X 
X 

X 


CONSTRUC 


Critical path methods 

Explosives 

Drilli-ng 




X 
X 
X 


X 








>* 


Levelling 
i>et^^ing out 
i ra versing 
Photogramroetry 




X 

Y 
A 


X 

Y 
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X 
X 
X 
X 


X 
X 
X 


X 
X 
X 




Basic maths. ,«lgebra»geoinetry , trig. 


X 


X 


X 


X 


X 


X 




Equipment and plant 




X 


X 










Biology - engineering 






X 
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(order below has no 
significance and follows 
the list used iu the 
questionnaire) 
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TECHNICIA 
- DESIGN \ 


TECHNICIA 
- COKSTRUCTI 


TECHNICIA 
- OTHER WOR 


STRUCTURES 


Stress calculations 

Frame analysisCmanual methods) 

Design-^metal structures e#g»3teel 

" -concrete " 

" -timber " 

" -code of practice 

" -safety factors 


X 

X 
X 
X 
X 
X 
X 




X 
X 

X 


X 
X 
X 
X 






MATERIALS 


Mechanical testing 

Quality control 

Selection and specification 

Concrete 

Road materials 


X 
X 


X 
X 

X 
X 


X 
X 


X 


X 
X 
X 
X 
X 


X 


PC 

w 
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Solving hydraulic problems 
(using formulae and handbooks) 
Solving hydrology problems 
(using standard procedures) 






X 


X 

X, 
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Field investigations 
Laboratory investigations 
Foundation design and assessment 
Earth structure design 


X 
X 


X 
X 


X 

X 
X 




X 
X 

X 


X 
X 

X 


CONSTRUC 
•TION 


Critical path methods 

Explosives 

Drilling 




X 
X 
X 


X 








>- 
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Levelling 
Set*:ing out 
Traversing 
Photogrammetry 




X 
X 


X 
X 


X 
X 

Y 

iV 

X 


X 
X 

Y 

A 


X 
X 
X 




Basic mathsc ^^Igebra^geometry » trig* 


X 


X 


X 


X 


X 


X 




Equipment and plant 




X 


X 










Biology - engineering 






X 










Mean '^do use** over ^'elements** above 
Mean "do use** over all **elements** 


77% 
575^ 


66% 
55^ 


28?^ 


11% 


v% 


37% 

16% 
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Of the items listed in Table 8. 1.5. basic secondary school 
maths - algebra, geometry, trigonometry was the most used \echnical 
item. Advanced maths, e.g. calculuiS and numerical methods were used 
by a large number of respondents but the frequency of response for 
"do use" tended to be near the mean for this response over th<- whole 
sixty- three "elements" or items, and well below the mean of the items 
selected for inclusion in the table. 

Computers - utiing programmes and writing programmes, formed 
part of some respondents work but in no case was it near to the 
extent of the items listed in Table 8. 1.5- An exception occurred 
in the case of tne small group of technicians - other work, where 
computers almost justified inclusion. The use by this group may 
have been due to those technicians within it engaged on Research and 
Development work. All groups tended to attach importance to the 
topic, but did not assess it as very important. 

Where respondents indicated they used the "elements" of civil 
engineering knowledge their use was almost always at the general 
level. Other studies have revealed a tendency for this neutral 
type of response to be giren. The other three categories - advanced, 
specialized and very specialized even when grouped together, came 
nowhere near to matching the frequency of response to the category - 
"general", either over all sixty-three "elements", or for those 
"elements" selected for Table 8.1.5. This neutral tendency was not 
found for other responses given. One must assume therefore that a 
general level of knowledge of a topic is what civil engineers and 
technicians are interested in, and they do not see themselves as 
using specialized knowledge. Doubt must remain, however, about the 
effect of the attraction of the word "general", and it may b^ that 
some other scale for .cvel of knowledge which avoided the term 
"general" might have been more successful. 

It is of interest to recall the study by Lee* in Arizona, 
U.S.A. who said in his report "No attempt in the survey was made to l,^^ 
define 'general' and 'advanced' and in some respects they mean 
different things in engineering than in the supporting occupations. 
The results of the survey strongly suggest however, that it is 
necessary for most engineers and related personnel to have a general 
knowledge of a wide range of subjects, but it is not necessary for 
most of them to have an advanced knowledge of more than a few". 

Some confirmation of the frequency of use was provided by 
the response to the "do use/do not use" question. Where an element 
had a high frequency of "do use" by a group of subjects, that element 
tended to be used r^sularly or frequently, i.e. every few days. 

In general also the subjects most significant to engineers 
of a particular group, e.g. design engineers, were also of signifi- 
cance to technicians of the same type, e.g. design technicians 
(draftsmen). This is not unexpected, but perhaps it hints at a 
closer relationship existing between the tasks of engineers and 
technicians engaged in one sort of activity, than is likely to exist 
between engineers engaged in different activities or technicians 
engaged in different activities. Within particular activities the 
bounaary between the tasks of engineer and technician may be much 
less clearly defined than appears overall, 

ERIC Finally, it may be of some interest to mention those items 

m the list of sixty-three "elements" that were used least by all 
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Computers - using programmes and writing programmes, formed 
©art of some respondents work but in no case was it near to the 
extent of the items listed in Table 8.1.5. An exception occurred 
in the case of the small group of technicians - other work, where 
computers almost justified inclusion. The use by this group may 
have been due to those technicians within it engaged on Research and 
Development work. All groups tended to attach importance to the 
topic, but did not assess it as very important. 

Where respondents indicated they used the "elements" of civil 
engineering knowledge their use was almost alway at the fienera^ 
level. Other studies have revealed a tendency for this neutral 
type of response to be given. The other three categories - advanced, 
scecialiaed and very specialized even when grouped together, came 
nowhere near to matching the frequency of response to the category - 
••general", either over all sixty-three "elements", or for those 
Elements" selected for Table 8.1.5. This neutral tendency was not 
found for other responses given. One must assume therefore that a 
general level of knowledge of a topic is what civil engineers and 
technicians are interested in, and they do not see themselves as 
using specialized knowledge. Doubt must remain, however, a^O'jJ J*^® 
effect of the attraction of the word "general", and it «nay be that 
some other scale for .evel of knowledge which avoided the term 
"general" might have been more successful. 

It is of interest to recall the study by Lee* in Arizona, 
U.S.A. who said in his report "No attempt in the survey was made to 
define 'general* and 'advanced* and in some respects they mean 
different things in engineering than in the supporting occupations. 
The results of the survey strongly suggest however, that it 
necessary for most engineers and related personnel to hav.. a general 
knowledge of a wide range of subjects, but it is not necessary for 
most of them to have an advanced knowledge of more than a few . 

Some confirmation of the frequency of use was provided by 
the response to the "do use/do not use" question. 

had a high frequency of "do use" by a group of subjects, that element 
tended to be used regularly or frequently, i.e. every few days. 

In general also the subjects most significant to engineers 
of a particular group, e.g. design engineers, were also of signifi- 
cance to technicians of the same type, e.g. design technicians 
(draftsmen). This is not unexpected, but perhaps it hints at a 
closer relationship existing between the tasks of ^ngj^eers and 
technicians engaged in one sort of activity, than is ^^1^^^^ to exist 
between engineers engaged in different activities or technicians 
engaged in different activities. Within particular activities the 
boundary between the tasks of engineer and technician may be much 
less clearly defined than appears overall. 

Finally, it may be of some interest to mention those items 
in tf^ list of sixty-three "elements" that were used least by all 
recpondents. The "element" - "Electrical Engineering" was «sed 
least the various "elements" under the item "water" were used little, 
and items connected with computers generally had low frequencies of 
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• Lee A.M., "Engineering and Technology in Arizona. A report o» 
education of engineers, technicians, and skilled draftsmen and the 
educational needs of industry". Arizona coupational Research 
Co-ordinating Unit: Arizona State Dept. cC Vocational Education, 
O Phoenix, U.S. A., 1968. . 
:RJC ^7- 



As mentioned earlier the detailed frequencies for the eighty 
•'elements** are listed in Appendix 7, which consists of six parts 

Bm^m5• Training Analysis^ and Qpen«»Ended Questions 

8,1,3»1# Training 

The last part of the questionnaire dealt with aspects of the 
respondents* training in civil engineering* Pages 9 and 10 dealt 
with training in relation to specific categories of task viz* 
technical t manual , economic « communication , and management* Page 
11 contained some open-ended questions mainly concerned with 
deficiencies in training that had become apparent in the actual work 
situation since working in civil engineering* 

The first analysis of the data from both of these sections 
was similar to that attempted previously^ but instead of using type 
of work and level (engineer or technician) as the main analytical 
tools, we decided to use type of qualification (re deficiencies and 
strengths with respect to a particular course with its own set of 
aims and objectives)* 

The coding used in editing the questionnaires allowed for 
fourteen categories of answer for qualification* For the analysis 
of the data these fourteen were reduced to eight as shown in Table 
8* 1*6* Details of the response for each of the original fourteen 
categories are giben in Appendix 8* 

TABLE 8*1*6* CATEGORIES OF QUALIFICATION 



CATEGORY 


QUALIFICATION 


n 


1 


B.E. (Civil, B.Sc. (Civil Engineering) and 
Professional Inst* qualifications 


106(81+20^-5) 


2 


Diploma - civil engineering 


37 


5 


Local Government certificate 




k 


Degree-other and Diploma-other 


18(13+5) 


5 


Engineering surveying cert. 


35(21-»-1^) 


6 


Engineering surveying cert. 


a8 


7 


Materials testing cert, and other 
certificates 


^♦0(4+36) 


8 


No qualifications and no answer 


53('t5'^8) 




TOTAL 


331 



Whilst respondents with civil engineering degrees predominated 
other categories of qualifications were well represented. 

^ Answers were sought with respect to the various categories of 

ERsiC ^A®^ following questions 
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The last part of the questionnaire dealt with aspects of the 
respondents* training in civil engineering* Pages 9 Sind 10 dealt 
with training in relation to specific categories of task viz. 
technical, manual, economic , communication, and management. Page 
11 contained some cpen-ended questions mainly concerned with 
deficiencies in training that had become apparent in the actual work 
situation since working in civil engineering. 

The first analysis of the data from both of these sections 
was similar to that attempted previously, but instead of using type 
of work and level (engineer or technician) as the main analytical 
tools, we decided to use type of qualification (re deficiencies and 
strengths with respect to a particular course with its own set of 
aims and objectives). 

The coding used in editing the questionnaires allowed for 
fourteen categories of answer for qualification. For the analysis 
of the data these fourteen were reduced to eight as shown in Table 
8#1»6. Details of the response for each of the original fourteen 
categories are giben in Appendix 8. 

TABLE 8.1.6. CATEGORIES OF QUALIFICATION 



CATEGORY QUALIFICATION n 



1 B.E. (Civil, B.Sc» (Civil Engineering) smd 
Professional Inst, qualifications 106(8l+2O-f5) 

2 Diploma - civil engineering 37 
5 Local Government certificate 1^ 

k Degree-other and Diploma-other l8(13+5) 

5 Engineering surveying cert. 55(21+1^) 

6 Engineering surveying cert. 28 

7 Materials testing cert, and other 

certificates ' 40(W56) 

8 No qualifications and no answer 55(^5+8) 

TOTAL 531 



Whilst respondents with civil engineering degrees predominated 
other categories of qualifications were well represented. 

Answers were sought with respect to the various categories of 
task to the following questions 

(1) "The knowledge needed to perforin the task - was it part of your 
post-^secondary/tertiary training? 

Please indicate by writing a number selected from the 'i-point 
scale. 
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strongly- 
emphasised 


emphasised 


some 
mention 


none 


1 — 
1 


2 


3 





For technical matters and manual skills categories of task 
the results show slight differences, these are given in Table S.I.7. 

TABLE 8.1.7. 







QUALIFICATION 


CATEGORY 








1 


2 


5 ■ 


4 


5 


6 


7 


' 8 ■ 




B. Eng. 
etc . 


Diploma 


Local govt, 
cert. 


Degree/ 
Dip. -other 


Structural/ 
Draft, cert. 


Eng. survey, 
cert. 


Other 
certs. 


No qual- 
ification 


n = 


106 


57 




18 


35 


40 


28 


53 


Technical matters 


% 


% 


% 


% 


% 


% 


% 


% 


No response 


2 


3 


0 


6 


11 


3 


0 


11 


Answer 1 


56 


27 


43 


22 


20 


38 


36 


17 


2 


30 


49 


45 


56 


3^ 


28 


39 


25 


3 


'11 


22 


7 


17 


31 


29 


21 


26 


k 


1 


0 


7 


0 


3 


0 


4 


21 


Manual skills 


















No response 


11 


Zk 


7 


17 


26 


33 


7 


25 


Answer 1 


15 


3 


7 


0 


29 


18 


56 


19 


2 


50 


h6 


i^3 


35 


20 


30 


36 




3 


35 


16 


^3 


44 


25 


15 


11 


9 


if 


9 


11 


0 


6 


3 


8 


11 


13 



For technical matters the high percentage (5696) for "strongly 
emphasised" shown for respondents with degrees can be contrasted with 
the more neutral position "emphasised" for those with certificates. 
For manual skills the position was more or less the reverse and those 
with degrees indicated they were "mentioned" to "emphasised", whereas 
those with certificates indicated nearer the "strongly emphasised". 

For economic/financial, and communication all qualification 
categories indicated between "some mention" and "none", and in the 
management and personnel category the response was strongly towards 
the "none" mark. 

In terms of the tasks performed as engineers and technicians 
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TABLE 8.U7* 







QUALIFICATION 


CATEGORY 








1 


2 


3 ■ 


4 


5 


6 


7 


8 




B. Eng. 
etc. 


a 

0 


Local govt, 
cert. 


U 

5 

\ o 

^ 1 

b X 


Structural/ 
Draft, cert. 


Eng. survey, 
cert. 


Other 
certs. 


No qual- 
ification 


n — 


106 


37 


1i+ 


18 


55 


40 


28 


55 


Technical matters 


% 




% 


% 


% 


% 


% 




No response 


2 




0 


6 


11 


5 


0 




Answer 1 


56 


27 


43 


22 


20 


38 


36 


17 




30 




45 




54 


28 


39 


25 


5 


'11 




7 


17 


31 


29 


21 


26 


k 


1 




7 


o 


3 


0 


4 


21 


Manual skills 


















No response 


11 


24 


7 


17 


26 


33 


7 


25 


Answer 1 


15 


3 


7 


0 


29 


18 


36 


19 


2 


30 


if6 


45 


55 


20 


30 


36 


34 


3 


55 


16 


43 


44 


23 


13 


11 


9 


k 


9 


11 


0 


6 


3 


8 


11 


13 



For technical matters the high percentage (569^) for »»strongly 
emphasised" shown for respondents with degrees can be contrasted with 
the more neutral position "emphasised" for those with certificates. 
For manual skills the position was more or less the reverse and those 
with degrees indicated they were "mentioned" to "emphasised", whereas 
those with certificates indicated nearer the "strongly emphasised". 

For economic/financial, and communication all qualification 
categories indicated between "some mention" and "none", and in the 
management and personnel category the response was strongly towards 
the "none" mark. 

In terms of the tasks performed as engineers and technicians 
(Table 8.1.2.1.) therefore, this implies that only 42 percent of an 
engineer's tasks and 74 percent of a technician's are near ad|quately 
covered by the formal training, or perhaps moro Importantly 5© percent 
and 26 percent of the tasks of engineers and technicians respectively 
are not adequately covered. 
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(2) ••Has practical experience been of importance in the acquisition 
of skill in relation to this task? 



Pleaae indicate by writing a number selected from the ^-point 
scale* 



Very very 
much much some little 

I 1 1 r 

123 ^ 

For all categories of qualification the importance of 
practical experience rated near to "very much" for technical 
matters. In manual skills those with certificates rated it 
"very much"* and those respondents with degrees and diplomas 
still rated it "much". 

There was also predominance of "much" to "very much" answers 
for the economic, communication, and management categories of 
task* An exception was the trend for those with certificates 
to not rate practical experience as highly for these latter 
categories of taskf as did other groups. 



(3) "What do you think is the best pattern of training for 

acquiring the knowledge required for the performance of the 
task? Select one of the following for each of the categories 
of task. Full time course. Full time followed by p^rt-time. 
Part-time. Sandwich/block release. T.W.I. (Training within 
industry). Short intensive course. Correspondence, Self 
learning. Other." 
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ik) "Please indicate whether the courses should be at degree or 
sub-degree level". 

The nominated best pattern of training reflected traditional 
thinking on this subject, i.e* a degree should be obtained full- 
time and a certificate part-time. It is interesting to refer 
to Table A1.12. (Appendix 1) which shows that of engineers » 
85 gained their qualification full-time and 79 part-time. If 
the first four education categories are grouped together (this 
should contain nearly all engineers) the nomination of full- 
time to part-time as the best method of acquiring knowledge of 
technical matters is approximately in the ratio of 3* 'If not the 
1:1 (&5'79) indicated for their own training by the respondents- 
This suggests gaining a degree part-time is not popular in 
rest respect. 

The sandwich pattern of training received fair mention in 
spitf> of its noviity. 

For manual skills the spread of nominated pattersn of 
training is wider^ but the T.W.I, (training within industry) 
pattern ranks with the part-time pattern for all categories 
of qualification. 

T.W.I, and short intensive courses are ranked equally for 
^ economic, communication and mcuiagement matters by all groups 

with the exception of "economics" for those with engineering 
deistrees who nominate fuTT-^t-^me «fiiinT»v w-^tH T W-1^. "inirf»anf« 



Very 
much 



much 



some 



very 
little 



T 



1 



2 



5 



For all categories of qualification the importsuice of 
practical experience rated near to ^'very much" for technical 
matters* In manual skills those with certificates rated it 
"very much" t and those respondents with degrees and diplomat 
still rated it "much". 

There was also predominance of "much" to "very much" answeirs 
for the economic, communication, and management categories of 
task. An exception was the trend for those with certificates 
to not rate practical experience as highly for these latter 
categories of task^ as did other groups. 

(3) "What do you think is the best pattern of training for 

acquiring the knowledge required for the performance of the 
task? Select one of the following for each of the categories 
of task. Full time course. Full time followed by part-time. 
Part-time. Sandwich/block release. T.W.I. (Training within 
industry). Short intensive course. Correspondence, Self 
learning. Other." 

ik) "Please indicate whether the courses should be at degree or 
sub-degree level". 

The nominated best pattern of training reflected traditional 
thinking on this subject, i.e. a degree should be obtained full 
time and a certificate part-time. It is interesting to refer 
to Table A1#12. (Appendix 1) which shows that of 16^ engineers^ 
85 gained their qualification full-time and 79 part-time. If 
the first four education categories are grouped together (this 
should contain nearly all engineers) the nomination of full- 
time to part-time as the best method of acquiring knowledge of 
technical matters is approximately in the ratio of 3*^% not the 
1:1 (85:79) indicated for their own training by the respondents 
This suggests gaining a degree part-time is not popular in 
restrospect . 

The sandwich pattern of training received fair mention in 
spite of its novelty. 

For manual skills the spread of nominated pattersn of 
training is wider, but the T.W.I, (training within industry) 
pattern ranks with the part-time pattern for all categories 
of qualification. 

T.W^I. and short intensive courses are ranked equally for 
economic « communication and management matters by all groups 
with the exception of "economics" for those with engineering 
degrees who nominate full-time equally with T.W.I. Respon^^ents 
therefore suggest that economic and financial matters are 
sufficiently important to be included in the full-time tertiary 
training course, or to be studied part-time or be taught for a 
short intensive period whilst in employment. The short 
intensive course carried out against a background of work 
activities has, of course t much to commend it. 
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In reply to the quesstion on what level the pattern of 
training should be, the rcijponse rate was low but sub-degree 
was nominated mo^st frequently except for technical matters 
where degree level was nominated more often. 

(5) "To what extent is your post-secondary/ tertiary training 

specifically used in the performance of the category of task? 

Please indicate by writing a number selected from the following 
i+-point scale. 

almost very 
all much some little 

\ 1 \ 3 " 

For technical matters the trend was "much" for most respondents 
tending towards "some" for those with certificates, for manual 
skillo the reverse was generally the case, i.e. "some" tending 
towards "much" for tho'^p with certificates. For the remaining 
three categories of task - economics, communication, and manage- 
ment thp answers were pre dominant ly "very xittle", and tertiary 
training did not equip respondents with the skills necessary 
for performance of these tasks. 

Reference to Table 8.1.1. indicates how much time is spent 
on these three sub-categories of task. One would therefore 
expect training to include some preparation for performing these 
taiiks, but the "very little" type of answer to Question 5 
i3uggest.-- the opposite. The economic matters sub-category of 
task was mainly -oncemed with estimating and accounting and 
one could expect these subjects to be included in a course, 
par ticularly if one recalls the unknown American wit referred 
to earlier in this report who said "a civil engineer is a man 
who can do for one dollar what any fool can do for two . The 
importance of this sub-category of task is confirmed by its 
emergence as a major deficiency in training . „^ . ^ 

respondents in answer to open-ended questions about deficiencies. 

(Chap. 8.1.5.2.) 

Question six, asked subjects to recommend the best way of 
acquiring the knowledge for performance of the various sub- 
categories of task, and to nominate three methods in order of 
priority. To check if subjects were familiar with the usual 
methods of acquiring Knowledge they were first asked to indicate 
on a list, those methods of which they had experience. Question 
six read as follows:- 

(6) "Tho following lists most of the ways of acquiring know- 
ledge - 

Live lecture 0 Demoni3iration , laboratory & outside ^ 

Tutorial 1 Practical participation/field work 6 

Audio-visual methods2 Simulation/decision making games 7 
Individual project 5 On the job instruction o 
Group project h Practical job experience 4 9 

Which of these have you had experience of? Please circle 
<d number. 



What is the best way of acquiring the knowledge for the 



"To irti*t extent is your pogt-«tcpn4iiry/t«rti^ tpaininf 

specifically used in the performance of the category of task? 

Please indicate by writing a number selected from the following 
i«-point scale. 

almost Y®*"^ 
all much some little 

1 2 3 ^ " 

For technical matters the trend was "much" for most respondents 
tending towards "some" for those witl certificates, for manual 
skills the reverse was generally the case, i»e. "some" tending 
towards "much" for those with certificates. For the remaining 
three catoi^rries of task - economics, communication, and manage- 
ment the answers were predominantly "very little", and tertiary 
training did not equip respondents with the skills necessary 
for performance of these tasks. 

Reference to Table 8.1.1. indicates how much time is spent 
on these three sub-categories of task. One would therefore 
expect training to include some preparation for performing these 
ta.skr., but the "very little" type of answer to Question 5 
suggest;- the opposite. The economic matters sub-category of 
task was mainly concerned with estimating and accounting and 
onp could expect these subjects to be included in a course, 
particularly if one recalls the unknown American wit referred 
to earlier in this report who said "a civil engineer is a man 
who can do for one dollar what any fool can do for two". The 
importance of this sub-category of task is confirmed by its 
emergence as a major deficiency in training mentioned by 
respondents in answer to open-ended questions about deficiencies. 
(Chap. 8.1.5.2.) 

Question six, asked subjects to recommend the best way of 
acquiring the knowledge for performance of the various sub- 
categories of task, and to nominate three methods in order of 
priority. To check if subjects were familiar with the usual 
methods of acquiring knowledge they were first asked to indicate 
on a list, those methods of which they had experience. Question 
six read as follows:- 

(6) "Thff following lists most of the ways of acquiring know- 
ledge - 

Livo lecture 0 Demonstration, laboratory 8f outside | 

Tutorial 1 Practical participation/field work 6 

Audio-viGual methods2 Simulation/decision making games 7 
Individual project 5 On the job instruction 8 
Group project ^ Practical job experience > 9 

Which of these have you had experience of? Please circle 
number. 

What is the best way of acquiring the knowledge for the 
performance of the task? Please state up to three answers 
in order of priority." 

The data show that with the exception o ' item 7 - "simulation/ 
decision making games" - all methods of .cquiring knowledge were 
known to most subjects in each of the qi alification categories. 
(Table A8.8., Appendix 8). Some certificate holders claimed also 
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to have no ex{'t"rif*nc'o ot' .-ludio-vii-.tjal mi"'thod.?, nni viomr al.^^o 
no experience of groui projocto. 

The preferred methods ure Gummariced in the following table 
a. 1.8. 

TABLE 8.1.8. NOMINATKD BEST WAYS OF ACQUIRING KNOWLEDOE FOR 

VARIOUS TASKS (3 WAYS IN ORDER OF PRIORITY) 



CHOICE 




1 


QUALIFICATION CATEGOSY 










1 


2 


3 


k 


c 




7 


8 


TECHNICAI 


1 

2 


lect . 
tute. 
pr . j .ex. 


lect. 
tute . 


lect. 
tute. 
deno. 
pr . j .ex. 


lect. 
tute. 
pr • j .€X» 


lect. 
0. j. i. 
pr • j .ex. 


lect. 
0. j.i. 
pr. j .ex. 


lect. 
0. j.i. 
pr. j.ex. 


lect . 
pr./f 
pr . j •ex^ 




1 


pr./f .w. 


lect - 


pr./f .w. 


1 '3C t . 


pr. j . .-'X. 


Ic^Ct . 


1 9C t . 


pr. j . 3X. 




2 


demo. 




0. j.i.^ 


demo . 




pr ./f • 


pr ./f .w • 


pr. j .ex. 


< 


3 


pr. . ax. 




pr .3 • ?x. 

1 




nr./ f . w • 


pr . j • '^x . 


pr. j.ex. 


t r. j .ax. 


0 


1 


lect. 


lect • 


1 laci . 


iGC t • 


lect. 




loc • 


loct* 


0 

0 
0 


2 


tute. 


0 • j • 1 • 


0 . j • i . 




,pr./f . w • 




tute . 


lute. 


3 


pr. j .ex. 




rr. j.3X. 


nr. j.ex. 


pr . j . • 


0 . J . i . 


pr . j • ex» 


pr. J .ex. 


• 


1 


pr. J .ex. 


lect . 


lect . 


lect • 


pr. j . .^x. 


ilect . 


lect . 


pr . j .^x. 




2 


0 • j . 1 . 


0. j.i. 


pr • j .ex. 


o. j.i. 


pr. j .3x. 


p r . / f • w • 


pr • \ • ex • 


pr. j .3X. 


0 


5 


pr . j.sx. 




1 pr . .ex. 


pr. j. 3X. 


pr • j . ^x. 


pr. j.ex. 


pr. j . 3x. 


pr. j .^x. 




1 


pr. j.ex. 


lect • 


lect • 


loci . 


loot . 


l-^cl. 


lect . 


lect. 


0 


2 


pr. j .ex. 


pr. j .ex. 


0 . j . i . 


pr. j . ex. 


0 . j • i • 


0. j.i. 


tute . 


pr . j .ex. 




3 


pr. j.ex. 




1 pr. j.3x. 


pr . j . 3X . 


pr. j .ex. 


pr . j .ex. 

I 


pr . j .ex» 


pr. j .ex* 



1 N#3. m the above table abV^reviationn mean:- 

i lect. =^ live lectwe 

\ tute. = tutorial 

; pr. j#ax. = practical job experience 

: o.j.i. on job instruction 

I pr./f. w. - practi::al/f ic?ld work 

demo. ^ demonstration 

Of the forty celle in the table above, thirty-five are com- 
" " plete, and of these, twenty-six contain as the first and third choices 



TABLE 8.1.8. NOMINATED BEST WAYS OF ACftUIRINQ • KNOWLEDQE FOB 

VA5t6t^S TASks (3 ^kik 1^ OkPfeR" OF PRIORITfT 



CHOICE 


QUALIFICATION CATEQO«Y 






1 


-> 






b 


t 


7 


8 


< 


1 


Xect . 


lect • 


lect . 


lect . 


1 >ct . 


lect . 


lect. 


lect . 


o 


2 


tute. 


tute. 


t u t e • 
demo. 


tute. 


0. j.i. 


o. j.i. 


0* j . i. 


pr./f .*. 






tjr . i . . 




ur. i»eXa 




pr . J . ex . 


pr. 1 .ex. 


pr, j .ex. 


pr . j .ex. 




1 


pr./f .w. 


lect * 




loct . 


pr • : . 


l.^Ct . 


l^ct . 


pr. j .3X. 




2 


demo • 


demo* 


o. j.i. 


demo • 


0 . j . i . 


pr ./f .w. 


pr ./f .w. 


pr.j.ex. 


s: 


3 

✓ 


pr • ,^1 • 3X • 




« 




pr ./ f .w . 


cr • 1 • -rX . 


pr • i . ex . 


pr. j .ex* 


o 


1 


lect . 


lact . 


1 

! l?Ct • 


lect • 


l*2Ct . 


1-^ct . 


lecT . 


lect. 


o 


2 


tute. 




; 0 • j . i . 


tute» 


pr./i .w. 






tute. 


o 
o 
:o 


y 








r>r ■ i ■ • 


or • i • . 


0 . i . i . 


pr . i .ex. 


pr . J .ex . 




1 


pr. j .ex. 


lect • 


lect • 




pr . j . .=^x. 


fleet • 


lect . 


pr. J .ex. 


s: 


2 




0. j .i. 


pr. j .ex. 

r 


o . j . i . 


pr . j . sx . 


i or ./f . w . 

V 


pr. J.ex. 


pr. j . ex. 


o 


3 






1 cr • • • 

i 


pr. j . 3X. 


pr . j . 3X. 


pr. j.ex. 


pr.j .3X. 


pr, j .ex. 


o 
< 


1 


pr. j .ex. 


lect . 


lec t . 


llrC t . 


loci. 


jl^c t . 


lect . 


lect. 


2 


pr. J .9X. 


pr. j .ex. 


o . .} • i • 


pr. j.ex. 


o . j . i . 


!o. j.i. 


tute . 


pr.J.ex. 


< 


5 


pr . j .ex. 




nr. j.3x# 


pr. j .3X. 


cr . i .ex. 


|pr. j.ex. 
1 


pr . j . ex . 


pr . j .ex. 



M.B. in the above tabla abbreviation:^ mean:- 



lect. = live lectui^e 

tute. = tutorial 

pr.j.ex. - practical job experience 

o.j.i. = on job inistruction 

pr./f. w. s practical/field work 

demo. = demonstration 



the? forty celle in the table above^ thirty-five are com- 
plete, and of these, twenty-six contain as the first and third choices 
lecture and practical job experience respectively. Admittedly this 

I is a simplification, but it must raise again the idea of a combination 

1 course of theory and pr.«ictlual job experience as being the superior 

method of organizing vocational training. Lack of practical work 

\ comes high on the list of training deficiencies listed later in this 

; chapter. 

\ O 
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^ue^tion 7 reft^rred to tertiary civil engmetring education 



"How do you vie* your ^oct-^ecohdary/tertiyry training? 
Please indicate by ringing one of the numbers on each of 
the following 5-FOint scales: 



(a) 



too few general 
principles of 
civil engin. 



"T 



(b) 



1 



<2 
T 



too little detailed 
factual subject 
content re civ. eng. 



4- 



about 
right 



4 



4 



too many general 
principles of 
civ* cng« 



4 



about too much detailed 
right factual subject 

content re civ. eng. 



(c) 



1 



4— 



T 



too little 'general 
engineering education' 



about 
right 



too much 'general 
engineering education* 



Th^ results were left of centre in each case: those respon- 

:rt.f=1^: i£ir::^/:i"r r!;.n/'rnef c::.^iL;rin« ...axanc. in 
training indicated in answers to eailier questions. Possibly the 
att'acUoi of the middle answer on a ^^--P^f :„r:^U' ^13?; 

to content/theory, ca.. indicate that tne tneory oaxcw.v 
factory. 

8.1.3.^!. Qpen«en ded Qubstions 

The open-ended questions dealt mainly ^"f^^^^f 
The majority of responients (about seventy perbent) enjoyed their 
t^rtTarv training overall and about twenx-y percent did not. The 

I inl for ''not liking" tended to cluster around course structure. 
Tif'fi^ulties assoc at^l witS the course, uninteresting content and 
p^e^en^ation, inadequate teaching methods, and also personal condi- 
tions and pressure.^ Surprisingly differences between groups with 
different qualifications were not great. 

More far-ranging ant.wor5 were g:vcn to aspects ^^^^J 
. «r wav of life and freedom of thought scored significantly 
iir ?ho:;';itrd:gre:s and diplomas, but hardly at -1^^^/^^^^^- II 
certificates. On the course structure the item labelled Practical 
*oJk wis a clear favourite in six of the seven categories of formal 
!°^U* c.Uon (degree , i c rt i f i c ales ) , followed by various items 
de^iini with course structure, presentation, content and advance of 
knowlf'dge. 

Sumraari.ung, most retspondent ; f^njoyed their courses, and the 
part th. v^njoied mLt wa. tht practical work. Of those who dxdnU 
enjoy it*, curriculum problems were the mam reason. 

Deficiencies in training, skills '^-^-E^^ J^^^^f^.^r^'re^ 
etc produced about one thousand reiiponses. The^ie, however, reaaixy 
:'5;..'r;r'.v^n items or groups. These are shown m detail m 



la) 1 
1 

too few general 
prxncipxes ox 
civil engin. 


1 • 


^ 

about 
right 


— I — ? 

too many general 
principles of 
civ. eng. 


(b) 1 


z 


\ — 


-^1 \ 



too little detailed 
factual i=>ubject 
content re civ. eng^ 



about too much detailed 
right factual subject 

content re civ.eng# 



(c) ^ 

t^r^ little 'general 



4 



engineering education' 



about 
right 



k 5 

too much * general 
engineering education* 



The resulta were left of centre in each case: those respon- 
dents With bachelor's degrees were nearer 5 and those with certificates 
were slightly nearer point 2. The "straight down the middle" answers 
to thi^ question were surprising after considering the imbalance in 
training indicated in answers to earlier questions. Possibly the 
attractir^n of the middle answer on a five-point scale proved irresis- 
tible. On the oth-r hard the answers to the questions, which relate 
to content/ theory, c.... indicate that the tneory balance was satis- 
factory. 

8.1.^.<^. Open-ended Questions 

The open-ended questions dealt mainly with training/education. 
The majority of respondents (about seventy perbent) enjoyed their 
tertiary training overall and about twenty percent did not. The 
reasons for "not liking" tended to cluster around course structure, 
difficulties associated with the course, uninteresting content and 
presentation, inadequate teaching methods, and also personal condi- 
tions and pressure. Surprisingly differences between groups with 
different qualifications wore not 6^"^^^- 

More far- ranging answers were giVcr. to aspects that were 
liked, e.g. way of life and freedom of thought scored significantly 
for those with degrees and diplomas, but hardly at all for thos« with 
certificates. On the course structure the item labelled practical 
work a clear favourite in «ix of the seven categories of formal 

quaUfic£.tion (degrees and certificates), followed by various items 
dealing with course structure, prei^entation , content and advance of 
knowledge. 

Summarising, most respondent.-, enjo^^ed their courses, and the 
part thoy enjoyed most wa. the practical work. Of those who didn t 
enjoy it, curriculum problems were the main reason. 

Deficiencies in training, skills acquired through necessity, 
etc. rroduced about one thousand rer.ponses. The-je, however, readily 
reduced to seven items or groups. These ^sre shown m dotaio. m 
Table A8. 16. (Appendix 8) for the eight qualification categories. 
This table has been further summarised in the following ranking with 
item 1 the greatest deficiency: 

(1) management/personnel items 

(2) economic/financial items 

(3) communication items 



ERIC 



7^. 



ik) lack of practical work 

(5) public relations 

(6) computers 

(7) environment ideas. 

It should be noted that the one thousand responses mentioned 
above came from 83 percent of the total number of respondents. For 
those groups with civil engineering degrees or diplomas a mean of 9^* 
percent 'indicated deficiencies of one sort or another, and for that 
group v/ith no qualifications 77 percent indicated deficiencies. Thus 
the response was near to uniform across all qualification groups. 

If one excludes for the moment the first three items on the 
list, the fact that lack of practical work should be the first 
technical curriculum item is of interest. 

In order to be clear about the meaning of the phrase "lack 
of practical work" the actual responses in the completed questionnaires 
were re-examined. This examination revealed that there was no con- 
fusion in respondents' minds, they were not referring to practical 
work of the engineering laboratory type but to practical work in the 
real job situation. There were comments such as "practical experience 
and relationship of knowledge to a practical situation", "practical 
application of engineering principles" "lack of connection between 
what was taught and its practical application", "confidence based on 
practical experience", "lack of practical experience". Some comments 
from those working in Consultants' offices were "deficient in practical 
design training", "more practical design", "practical site experience"* 
From construction companies came "lack of training or practical 
applications", "subjects not related to actual construction procedures". 

Of particular interest also was the comment concerning 
deficiencies in training "Nil, mainly due to the fact that I worked 
with civil engineering contractors prior to tertiary (qualification)" 
from a respondent who had experienced the sandwich course pattern of 
study. 

Clearly then the phrase "lack of practical work" referred to 
practical training concerning, or practical experience of the non- 
ideal and noR- theoretical real work situation. 

This raises again the controversy about engineering education 
in general: is it biased towards engineering science/ theory rather 
than engineering? 

Is insufficient attention paid to the practical application 
of engineering knowledge? The respondents in our survey have said 
this was the case and have implied there was imbalance in their 
training. 

The importance of this is still further increased if one 
recalls the recommendations, discussed earlier, on the best ways of 
acquiring knowledge for the various tasks, when respondents were 
strongly in favour of a combination of theory and practical job 
experience. 

The medical profession overcame this problem of producing 
a "rounded" professional, capable of practising immediately after 
O training, years ago. Should the engineering profession be facing 

ERJC the problem of producing similar "rounded" engineers* 



above "cmme -from -^3 percent of i^he total iiumber of "respondents ^"^or ~ 
those groups with civil engineering degrees or diplomas a mean of 9^ 
percent indicated deficiencies of one sort or another* and for that 
group with no qualifications 77 percent indicated deficiencies. Thus 
the response was near to uniform across all qualification groups. 

If one excludes for the moment the first three items on the 
list, the fact that lack of practical work should be the first 
technical curriculum item is of interest. 

In order to be clear about the meaning of the phrase "lack 
of practical work" the actual responses in the completed questionnaires 
were re-examined. This examination revealed that there was no con- 
fusion in respondents* minds, they were not referring to practical 
work of the engineering laboratory type but to practical work in the 
real job situation. There were comments such as "practical experience 
and relationship of knowledge to a practical situation", "practical 
application of engineering principles" "lack of connection between 
what was taught and its practical application", "confidence based on 
practical experience", "lack of practical experience". Some comments 
from those working in Consultants* offices were "deficient in practical 
design training", "more practical design", "practical site experience". 
From construction companies came "lack of training or practical 
applications", "subjects not related to actual construction procedures" 

Of particular interest also was the comment concerning 
deficiencies in training "Nil, rarinly due to the fact that I worked 
with civil engineering contractors prior to tertiary (qualification)" 
from a respondent who had experienced the sandwich course pattern of 
study. 

Clearly then the phrase "lack of practical work" referred to 
practical training concerning, or practical experience of the non- 
ideal and non- theoretical real work situation. 

This raises again the controversy about engineering education 
in general: is it biased towards engineering science/ theory rather 
than engineering? 

Is insufficient attention paid to the practical application 
of engineering knowledge? The respondents in our survey have said 
this was the case and have implied there was imbalance in their 
training. 

The importance of this is still further increased if one 
recalls the recommendations, discussed earlier, on the best ways of 
acquiring knowledge for the various tasks, when respondents were 
strongly in favour of a combination of theory and practical job 
experience. 

The medical profession overcsune this problem of producing 
a "rounded" professional, capable of practising immediately after 
training, years ago. Should the engineering profession be facing 
the problem of producing similar "rounded" engineers. 

The sandwich type of course does not fulfil the need if the 
theoretical/ formal training is not closely integrated with the 
practical job experience. Medical training may have many aspects 
that engineering training could adopt with benefit. 

Management is a difficult subject to teach and for the 
student full-time course might best be left until after the graduate 
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haa had come exKOouro in iudu.-.tvy , formal courses m the practice 
and theory of management may well, however, be regarded as forming 
%n essential component of the training of a professional engineer. 
A few years ago in the U.K. both graduates and Higher National 
Certificate holders (now no longer recognized) were required to taKe 
and pass an endorsement course in the Management of Men as a means 
of fulfilling the educational requirements for membership of some 
professional engineering institutions. It is not beyond the bounds 
of possibility therefore, for graduates being required to attend an 
organized course on management, say one year, after completing their 
basic course. It is an unfortunate fact at the moment, however, 
that formal management training is left to the whim of the individual 
or his employer. If the entire civil engineering course were re- 
modelled to include as an integral item practical job experience, 
there would be fewer problems concerned with teaching the basic 
ideas of management. 

Some similar arguments apply to economic/financial matters, 
and communicatiou matters. However, the former should be introduced 
alongside technical content. The civil engineer often uses the two 
types of i^kill in conjunction, why should he not be taught them in 
con junc tion? 

The remaining open-ended questions dealt with such topics as 
criteria of success in the job, decision making, creativity and the 
future. A question seeking views on what the training of respondents 
most fitted them for was not extensively answered. The wording was 
ambiguous and the answers reflected this. (Some details concerning 
the latter are given in Table A8.21. in Appendix A O.) 

The views on criteria of success were wide ranging and some 
twenty-five categories were developed to accommodate the answers. 
Initially these were examined with reference to the eight categories 
of qualification but this did not produce significant differences. 
Respondents were then grouped into broader categories as follows: 
those with a degree, diploma, or local government qualification; 
those with certificates; and those with no qualifications. The 
roost frequently selected criteria (in descending order) are given 
in Table 8.1.9. Also included are those items thought to be oi 
least importance in determining success in one's job. 
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TABLE 8.1.9. CRITERIA OF SUCCESS IN THE JOB 

RANK IN DF.SCENDING ORDER 
(LOWEST RANK = 23) 



BROAD QUALIFICATION CATEGORY 

OVERALL 

CATEGORY OF ANSWER RANKING Degree/ Certi- No qual. 

Diploma ficate 



Technical efficiency/competency 


1 


1 


1 


1 


Knowledge/qualifications 


2 




2 


2 


Completion of work/project 


3 


2 


— 


5 


Time efficiency/competency 
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9 






k 


Experience 


10 




k 


mm 


Decision making 


11 
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The detailed results are given 


in Appendix 
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Table A.8.17, 





Answers to this question were also examined according 
to (1) level of employment and type of work, (2) level of employ- 
ment and age of respondent, and (3) level of employment and type 
of employer. Data relating to these are given in Tables A8*i8, 
A8.19 and A8,20 of Appendix 8. 

These further analyses were carried out to determine 
any additional views conceraing "criteria of success" that might 
exist betiifeen the various levels and types of employment* A close 
study of the tables in Appendix 8 mentioned above shows many 
different views do exist Perhaps of greatest interest is the 
comparison between the views of engineers engaged on design work, 
and those engaged in construction work. The following table shows 
the items given the top rankings by engineers working on design 
and on couiitruction, and by engineers working in consultants^ 
offices and for contractors. 
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From the above table it is clear that construction 
engineers rate '•completion of work/productivity" and "efficiency/ 
competency-f inancial" more important than or as important as 
"efficiency/competency-technical" for determining success in their 
job* Design engineers, however, rate "efficiency/competency- 
technical" much more important than any other item. 

The relationship that exists between technical matters 
and economic/financial matters in civil engineering appears to be 
strong for the construction engineer* 

Whether education was believed to help to develop 
technical decision making depended to some extent on the type of 
education received, although differences were not large. Of those 
with degrees or diplomas who answered, rather more than half thought 
it did help; of those with certificates from half to less than a 
half thought it helpful. 

The particular part of the education which helped develop 
this skill was thought mainly to be that part dealing with the 
design of structures Table A8.22. in Appendix 8 presents the data 
in detail* 

Asked whether their education encouraged them to develop 
their own ideas or to use traditional methods, respondents indicated 
that, in the main, in fact they used traditional methods. Provision 
was made in editing for a variety of combination answers to be coded, 
and the details are given in Appendix 8, Table A8.23* Even if allow* 
ance is made for the influence of combination answers (of the type 
f^used traditional methods more than developed own ideas") the impression 
that traditional methods were used most frequently still emerges. It 
can be effectively argued, of course, that in the majority of cases 
tmditic^nal methods will be easier, cheaper and quicker tu use, and 
that education should be concerned with making students familiar with 
them and how to use them. 

There is some suggestion in the results that respondents 
with civil engineering degrees received more encouragement to develop 
their own ideas, and that this was connected with devising **new 
methods". There is not much difference, however, between the 'degree* 
group and the * certificate* group in this respect. 

The final question was based on the idea that people en« 
gaged in civil engineering would probably have views on the trend of 
development in the industry, and that if there were a consensus of 
opinion, this could be of value to those concerned with designing 
curricula. The data in detail are presented in Tables a8.2^ and 
a8. 25 f in Appendix 8. The results from the examination of this data 
have been summnrised in the following Table 8.1 .11; the main items 
only have been listed* 
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(NUMBER AGAINST EACH IT .INDICATES RANK IN THAT GROUP'S NOMINATION FOR 
MAJOR DIFFERENCE BY I98O) 

From the above one can conclude that respondents thought that 
tne 1980 civil engineering scene would differ most from that today by 
the greater use of systems, and by the improvement to existing 
systems. Reference to Table A8.2if in Appendix 8 will show that lifS 

of the total 369 responses selected this particular "systems" item. 
The second place item "social concern" was some considerable distance 
behind with a frequency of 50 out of the total response frequency of 
569. 

Answers to this question were also examined according to 
level of employment and age of respondent, and finally according to 
level of employment and type of employer. Data relating to these are 
gjven in Tables A8.26. and A8.27, of Appendix 8. However, no major 
v-riation on the ranking shown in Table 8.1.11 appeared, slight differ- 
O ences can be detected by cooparing Tables A8.26, and A8.27 of 
ERlC Appendix 8. 
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(NUMBER AGAINST EACH ITtfT .INBICATES RANK IN THAT GROUP'S NOMINATION FOR 
MAJOR DIFFERENCE BY 1980) 

From the above one can conclude that respondents thought that 
the 1980 civil engine^^ring scene would differ most from that today by 
the greater use of systems, and by the improvement to existing 
systems. Reference to Table A8.2^ in Appendix 8 will show that l*f8 

of the total 369 responses selected this particular "systems" item. 
The second place item "social concern" was some considerable distance 
behind with a frequency of 50 out of the total response frequency of 
369. 

Answers to this question were also examined according to 
level of employment and age of respondent, and finally according to 
level of employment and type of employer. Data relating to these are 
given in Tables A8.26. and A8.27, of Appendix 8. However, no major 
variation on the ranking shown in Table 8.1.11 appeared, slight differ- 
ences can be detected by comparing Tables A8.26, and A8.27 of 
Appendix 8. 

There is little ambiguity about what is meant by greater use 
of systems and improved systems. In essence, respondents imagine, 
for example, that more of the parts of a building. or bridge will be 
pre- fabricated off site, brought on site in a systematic way and 
assembled in a more systematic way in I98O than is the case today. This 
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already hap^ens^ but it will be improvecl and used to a greater 
extent by X980* It is of interest to recall the MIT definition 
of civil engineering which reads "the engineering of systems of 
constructed facilities'* and their inclusion of systems as one of 
the fi7e areas of specialization basic to all civil engineering 
problems and projects. Others have developed this idea (see 
Chapt. 9*) and see greater utilisation of mathematical models « 
computer simulation, critical path and PSRT techniques. 

In concluding this section it should be admitted that 
it has not been possible to examine every inter-relationship» * 
The analysis of the data has been limited by the time available. 
Hopefully the more important factors have been considered. 



This statement ought to be considered 
in perspective. In fact more than one 
hundred pages of computer print out 
(listing) were examined in the prepar-^ 
ation of the preceding table and dis-» 
cussioB dealing with the "Future". 
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Our interest in responsibility, and the basis of the scheme 
no devisei for u&seszi:.^: responsibility were discussed in Chapter 
6.1.1. The scoring system in this scheme consisted of three* parts, 
the firat dealing with responsibility for men, the second with money 
and the third with policy. Good reasons exist for keeping these 
three distinct types of responsibility separate, not the least of 
these being that a combined score would need to take into consideration 
the relative weight that should be attached to each type of 
responsibility if scores in each typ-? were to be summed in some 
fashion. We did not feel competent to weight the types of 
responsibility although we believe that responsibility for men should 
be weighted more than the other two responsibilities. This discussion 
concerning the data has had to be carried out in terms of the three 
separate types of responsibility. 

The factors involved in the present scheme are repeated below: 

A. Men responsibility. 

(i) Number and type of staff for which i-esponsible. 

B. Money responsibility. 

Ci) Incidental expenditure, running expenditure, 
cheque signing limit. 

(ii) Capital expenditure limit. 

(iii) Value of plant and equipment for which responsible. 
Civ) Value of work or pro;ject for which responsible. 

C. Policy respo-isibility. 

(i) Responsibility for technical decisions. 

(ii) Connection with policy making. 

(iii) Involvement in policy interpretation. 

(iv) Safety decisions. 

(v) Social responsibility and legal responsibility. 

Detailed results are given in Appendix A9. It will be noted 
that there is no reference to professional responsibility in the broad 
sense in this section of the report. The subject of professionalism and 
professional responsibility with respect to engineers is discussed in 
Chapter 10. 

«/hen dealing with men we asked for information on the numbers 
of men in defined categories for whom responsibility was taken. The 
defined categories were unskilled staff, craftsmen and tradesmen, 
technician, graduates, and managers and 5 year graduates. A value was 
placed on each category, selected without systematic justification, but 
based on a Btandard organisation structure, and a score was worked out 
on the numbers of men and their arithmetic values. 

Money responsibility, of four types was scaled on a non-linear 
five point scale, values ass: tied and total scores worked out. 

Policy responsibility ox five types was scaled on a five point 
; semantic differential scale, values assigned and total suras worked. 

12 of the conv Task Analvsis 



these. being that a combined score would need to take into consideration 
the relative wei^t that should be attached to each type of 
responsibility if scores in each type were to be summed in some 
fashion. He did not feel competent to weight the types of 
responsibility although we believe that responsibility for men should 
be weighted more than the other two responsibilities. This discussion 
concerning the data has had to be carried out in terms of the three 
separate types of responsibility. 

The factors involved in the preisent scheme are repeated below: 

A. Men responsibility. 

(1) Number and type of staff for which responsible. 

h. Money responsibility. 

U) Incidental expenditure, running expenditure, 
cheque signing limit. 

(ii) Capital expenditure limit. 

Ctii) Value of plant and equipment for which responsible, 
(iv) Value of work or project for which responsible. 

C. Policy respo.isibility. 

Ci) Responsibility for technical decisions. 

(ii) Connection with policy making. 

(iii) Involvement in policy interpretation. 

(iv) Safety decisions. 

(v) Social responsibility and legal responsibility. 

Detailed results are given in Appendix A9. It will be noted 
that there is no reference to professional responsibility in the broad 
sen^e in this section of the report. The subject of professionalism and 
professional responsibility with respect to engineers is discussed in 
Chapter 10. 

When dealing with men we asked for information on the numbers 
of men in defined categories for whom responsibility was taken. The 
defined categories were unskilled staff, craftsmen and tradesmen, 
technician, graduates, and managers and 5 year graduates. A value was 
placed on each category, selected without systematic justification, but 
based on a .standard organisation structure, and a score was worked out 
on the numbers of men and their arithmetic values. 

Money responsibility, of foir types was scaled on a non-linear 
five point scale, values assigned and total scores worked out. 

Policy responsibility of five types was scaled on a five point 
semantic differential scale, values assigned and total suras worked. 

These scales are recorded on page 12 of the copy Task Analysis 
Questionnaire (Appendix 13) at the end of this report. 
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The scheme for rating had, therefore, many defects. The 
three types of responsibility could not be grouped and their individual 
scores totalled, because of the difficulty of weighting each of the 
three types. Within responsibility for men the values assigned to 
each type of staff were arbitrarily selected and the weightings open 
to criticisra. Within money responsibility the four scales were 
assigned equal weight but could easily have been otherwise. In 
addition the scales were non-linear but as a first approximation to 
give direction rather than quantitative extent were scored linearly 
for ease of operation. The same comments apply to the five scales 
within policy responsibility. 

In all therefore the scheme, whilst having the appearance of 
quantitative accuracy was riddled with the inaccuracies associ£-ted 
with any subjective assessment or rating. This should be borne in 
mind when drawing more than indications or general directions from 
the data. 

The table© pr-ssented in Appendix 9 show difference** in 
responsibility between various groups and different types of work. 
Engineers as a group generally have much greater 'man responsibility' 
than have technicians. Within engineers those engaged on design work 
have less 'man responsibility' than those engin-sers engaged on 
construction and other work. Within the technician gi-oup those engaged 
on construction appear to have slightly greater 'man responsibility'- 
Table 8.1*12 which follows shows this. 

TABLE 8.1.12. MEAN RESPONSIBILITY SCORES FOR 

^ — * ENGINEERS AND TECHNICIANS IN 

VARIOUS TYPES OF WORK 





LEVEL OF EMPLOYMENT AND TYPE OF WORK 
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The table also shows that engineers and technicians working 
in construction have greater 'money responsibility' than other groups 
of engineers and technicians. 

The results also indicate, as would be expected, that 
responsibility increases with age for both engineers and technicians 
(Table A9.5 of Appendix 9). Mean responsibility scores for engineers, 
and for technicians for each of the salary ranges (Tables A9.7 and A9.o 
of Appendix 9) show that the higher salary ranges are associated with 
higher mean responsibility scores. This is not imexpected, but it 



give direction rather than quantitative extent were scored linearly 
for ease of operation* The same comments apply to the five scales 
within policy responsibility. 

In all therefore the scheme^ whilst having the appearance of 
quantitative accuracy was riddled with the inaccuracieo acaociated 
with any subjective aasessment or rating. This should be borne in 
mind when drawing more than indications or general directions from 
the data. 

The tables presented in Appendix 9 show differences in 
responsibility between various groups and different type^ of work. 
Engineers as a group generally have much greater *man responsibility* 
than have technicians. Within engineers those engaged on design work 
have less 'man responsibility' than those engineers engaged on 
construction and other work. Within the technician group those engaged 
on construction appear to have slightly greater 'man responsibility ' • 
Table '8.1.12 which follows shows this. 
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The table also shows that engineers and technicians working 
in construction have greater ♦money responsibility* than other groups 
of engineers and technicians. 

The results also indicate, as would be expected, that 
responsibility increases with age for both engineers and technicians 
(Table A9.5 pf Appendix 9)» Mean responsibility scores for engineers, 
and for technicians for each of the salary ran^s (Tables A9.7 and A9.8 
of Appendix 9) show that the higher salary ranges are associated with 
higher mean responsibility scores. This is not unexpected, but it 
loes indicate that the system of scoring which has been devised has some 
validity and that the differences observed between engineers and 
technicians, and between construction work and design work mentioned 
above are probably real* 
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Cleiir-iv this has implications for curriculum construction in 
vocational institutions which are interested in producing, appropriately 
trained individual;^. 

The purpose of c-xaminiiig the ciu«.stion of responsibility arose 

out of the preliminnry study of the ' . ' J'^^P^"^^?^^^^^, .^e 
associated with a 30b in civil engineering. The real life job on the 
site does not consist simply of knowing certain technical engineering 
facts about an operation. This operation cannot be put into practice 
*ithout .-nen, materials and equipment. Keal life decisions are not 
simplf* since the three factors ifflpin»;e on each other and compete. 
R.3p3r;sibUity for part of, or the whole of the decision-making 
orocsses is readily measured therefore by a combination of the levels 
of responsibility given to and accepted by an individual for the 
factors: mentioned previously. Questions must therefore be asked as 
to whether encunibents understand the diverse parts of a total 
responsibility component in a civil engineering job and whether they 
were traiued or prepared in any way to as.dat them to accept such 
responsibility. It har been argued by some that P«°Pl« J^f^ ^^^S^f^ i„ 
of ?heir genetic make-up, in ability to handle responsibility. This in 
,ur view is not an answer, it merely avoids the argument. Some may 
by virtue of their genetic make-up be better than others, or more 
amenable or teachable than others. Some may be more keen or interested 
?o accent because of motivation, than others, but all such 
are in 10 way different fro.n tho^e associated with any natural ability 
ormotivatioi; concerned with or related to a wide variety of acquirable 
skills. Everyone cannot reach the standard of a concert pianist but 
many cln be taught to play an acceptable tune. ^^J^^-ntfrthrf ieJd' 
with manual deficiencies might, best be advised not to enter ^he field 
as practitioners at all. It is probable that some skill m assuming 
or accepting responsibility can be acquired by most people who are 
lo tuter^s^fd. one can also be taught to delegate authority, for some 
It is a difficult skill to acquire but it can probably be taught. 

Where or how is responsibility taught in the civil engineering 
training? Where is practice given in decision ^^^^g? Perhaps the 
only evidence that can be mustered concerns responsibility for technical 
decision but it can be argued that the technical decisions made in a 
traditional course of training are not real. If students think about 
i^ai an they know that no steel will be erected, no concrete poured 
on their design or construction problem decisions. 

Therefore, even an understanding of the responsibility for 
technical decisions can only come in real work situations and not 
in the lecture, or whilst working on assignment. 
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Review of conclugions drawn from examination 

of data gathered in Task~Analysis Questionnaire > 



Some attempt will now be made to gather together the main 
points that have arisen as a result of analysing the data provided 
by the Task Analysis Questionnaire. 

Engineers tasks 

The average task profile of an engineer engaged on design 
work appears to differ from that of an engineer engaged on con- 
struction work. In the case of the latter, more time appears to be 
spent on financial and management matters and less on technical 
matters compared with the former. Similar indications arose when 
the tasks of those employed by contractors were compared with the 
tasks of those employed by consultants. 

That such a difference between the tasks of design and 
construction engineers exists has been suggested by individuals for 
some time, but this is the first time as feo* as we know that quantit- 
ative evidence has been assembled that confirms the difference. 

For engineers as a group 58 per cent of their time is 
spent on non-technical tasks, but this rises to 6^ per cent for 
construction engineers and drops to ^6 per cent for design engineers. 
The major difference in the non- technical items is in financial matters 
and management matters, as mentioned earlier. The tasks of the 
financial matters category consisted of estimating the costs of, and 
costing work in progress, which for all typec of engineer occupied 
them to a significantly greater extent than either feasibility studies 
or cost benefit analyses, either separately or in total. In the 
management category of task all five sub-categories of activity 
(Table a6.1 Appendix 6) were utilised. 

Approximately ten per cent of the tasks 0/ engineers were 
concerned with utilising manual skills, but differences in how this 
time was spent were noted between construction engineers and design 
engineers. The former ^pent kk per cent and ^8 per cent on drafting 
and uHing survey instruments respectively, and the latter spent 
per rent Mnd ^h per cent on the twi^ m^nui^l wklllii raripi^»it 1 vh ly . 

Differences between the two groups of engineers exir^t aloo 
in the technical items they use in their tasks. 

Thus not only do the two groups have different task profiles, 
the technical items they use are different. Clearly this has implications 
for curriculum development. 

The responsibility associated with construction work appears 
to be greater than that associated with design work, particularly with 
respect to men, and also with respect to money. 

8. 1»7#2 . Technicians - tasks 

There appears to be little difference in the way time is 
alloc^ited to the various categories of task by the three groups of 
technicians. For all technicians 26 \ er cent of their time is spent 
on non-technical tasks. Of these non^ technical tasks estimating the 
cost of, and costing work in progress were predominant in the 
financial matters sub-category. In manc^gement tasks all sub-categories 
were involved, but organising and directing occupiAd most time. 

ERJC In the manual skills sub^category no surprises were revealed. 

Design technicians were mainly occupied with drafting, but 



worK appears "to differ from that of an engineer engaged on con- 
struction work. In the case of the latter » more time appears to be 
spent on financial and management matters and less on technical 
matters compared with the former. Similar indications arose when 
the tasks of those employed by contractors were compared with the 
tasks of those employed by consultants. 

That such a difference between the tasks of design and 
construction engineers exists has been suggested by individuals for 
some time, but this is the first time as far as we know that quantit- 
ative evidence has been assembled that confirms the difference* 

For engineers as a group 58 per cent of their time is 
sp^nt on non-technical tasks, but this rises to 6^ per cent for 
construction engineers and drops to 46 per cent for design engineers^ 
The roajor difference in the non« technical items is in financial matters 
and management matters, as mentioned earlier. The tasks of the 
financial matters category consisted of etstimating the costs of, and 
costing work in progress, which for all types of engineer occupied 
thero to a significantly greater extent than either feasibility studies 
or cost benefit analyses, either separately or in total. In the 
management category of task all five sub-categories of activity 
(Table a6.1 Appendix 6) were utilised. 

Approximately ten per cent of the tasks of engineers were 
concerned with utilising manual skills, but differences in how this 
time was spent were noted between construction engineers and design 
engineers. The former 3pent per cent and ^8 per cent on drafting 
and usinf^ survey instruments respectively, and tiie latter «pent 70 
per c^nt Hixd pt^r cent on th» two mf^nuttl MkilJi^ rnr^pni^ 1 1 vti ly • 

Differences between the two groups of engineers exirtt aloo 
in the technical items they use in their tasks. 

Thus not only do the two groups have different task profiles, 
the technical items they use are different. Clearly this has implications 
for curriculum development. 

The responsibility associated with construction work appears 
to be greater than that associated with design work, particularly with 
respect to men, and also with respect to money. 

8.1.7*2 . Techniciang - tasks 

There appears to be little difforence in the way time is 
ttllocotfid to the various categories of task by the three groups of 
technicians. For all technicians 26 per cent of their time is spent 
on non-technical tasks. Of these non-technical tasks estimating the 
coat of, and costing work in progress were predominant in the 
financial matters sub-category. In management tasks all sub-categories 
were involved, but organising and directing occupied most time. 

In the manual skills sub-category no surprises were revealed. 
Design technicians were mainly occupied with drafting, but 
the use of survey instruments occupied a not inconsiderable time 




i^k per cent for draft iub 11 P^^^ cent for survey instrument 
use); for construction and 'other work* technicians the time dis- 
tribution was different (52 per cent and 1? per cent, and ^1 per 
cent and 19 per cent recpectiveiy ) . In these two latter groups of 
technicians laboratory work occupied 59 per cent and 28 per cent 
respectively. Thus a tecliuician in design work is almost exclus- 
ively occupied with drafting, but all other technicians in the 
survey spent ^ very roughly, one third, one third,) and one quarter 
of their time on drafting, using labox'atory apparatus and using 
survey instruments respectively • The implications of this for 
technician certificate courses in the industry are obvious. 

The technical items used by technicians differ depend- 
ing on whether they are design tecnnicians, construction technicians 
or engaged on 'other work' • However, these items have a closer 
relationship with the engineers in their type of work group rather 
than with each other. This is readily understood when the object- 
ives of technician training, and the technicians' role as support 
staff are remembered. Does this mean it may not be all that diffi- 
cult for a techiiician to acquire the knowledge and skills to become 
an engineer within a particular type of work grouping, once he has 
acquired s^me knowledge and skills in that type of work? 

The responsibility associated with construction work 
appears to be greater than that associated with design work, with 
respect to both men and money. 

8.1#7> 5' Engineers compared with Technicians - tasks 

The work of the group of technicians has a similar technical 
matters element to the work of the group of engineers, but a smaller 
range of technical items is used by the technician group than by the 
engineer group. On"^v about 12 per cent of the technical items listed 
in the questionnaire yvere used by the technician group compared with 
5^+ per cent by engineers. In addition, for technicians around 60 
per cent of the total items that are used by them have 10 per cent 
or less usage, and for engineers around 20 per cent of the items 
that are used by them have 10 per cent or less usage* Table 8.1.13* 
shows this. 

TABLE 8,1.13 . NUMBER OF TECHNICAL ITEMS WITH 

FREQUENCY OF 10% OR LESS OF ^n ^ 



i 





»n' 


Number of items with 
frequency 10^ of 
maximum freauency (n) 


% of total 
63 items 


Engineere 




8 


13515 


» design 


60 


- construction 


92 


13 


21 


- other work 


:?0 


13 


21 


Technicians 








- design 


98 I ko 


63 


- oonetruction 


17 


^1 


65 


- other work 


15 


57 


59 



Generally, therefore, it can be said that engineers use 
more technical items more often than technicians, but a substantial 



of their time on drafting, using laboratory apparatus and using 
survey instruments respectively. The implications of this for 
technician certificate courses in the industry are obvious. 

The technical items used by technicians differ depend- 
ing on whether they are design technicians, construction technicians 
or engaged on 'other work' . However, these items have a closer 
relationship with the engineers in their type of work group rather 
than with each other. This ir, readily understood when the object- 
ives of technician training, and the technicians' role as support^ 
staff are remernbered. Doea this mean it may not be all that diffi- 
cult :or a technician to acquire tae knowledge at.d skills to become 
an engineer within a particular type of work grouping, once he has 
acquired ij^'Oie knowledge and skills in that type of work? 

The responsibility associated with construction work 
appears to be greater than that associated with design work, with 
resp^oc to both men and money. 

8.1.7.3. Engineers compared with Technicians - tasks 

TVie work of the group of technicians has a similar technical 
matters element; to the work of the group of engineers, but a smaller 
range of technical items is used by the technician group than by the 
engineer group. OrJy about 12 per cent of the technical items listed 
in the questi^nnaire Aere used by the technician group compared with 
34 per cent by engineers. In addition, for technicians around 6O 
per cent of the total items that are used by them have 10 per cent 
or less usage, and for engineers around 20 per cent of the items 
that are used by them have 10 per cent or less usage. Table 8.1.13. 
shows this. 

TABLE 8.1. 13. NUMBER OF TECHNICAL ITEMS WITL. 

FREQUENCY OF 10% OR LESS OF «n ' 





»n' 


Number of items with 
frequency 10% of 
maximum frequency (n) 


% of total 
63 items 


Engineers 




8 


• 13% 


- design 


60 


- construction 


92 


13 


21 


- other work 


50 


13 


21 


Technicians 






63 


- design 


98 


^0 


- construction 


17 


^1 


65 


- olher work 


15 


.'>7 


59 



Generally^ therefore, it can be aaid that engineers use 
mor? 'echnical items more often tnan technicians, but a substantial 
number items get little use. What implication has this for the 
content and structure of curricula? 



t\\i\j of roi-- vnncf; whvii con:^ i ci-.? n np; ^ *teiit iri the almo.^.t 
excl'ic'.ivtjr indication that only a general levo of Kn.jwlcd^^e of most 
technical items is needed in poriorming the • . .ks in civil engineer- 
ing jobs. 
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The technician group spend much more time utilising manual 
skills than does the engineers group - 4l per cent for technicians ani 
9 per cent for engineers. 

The question remains however, apart from systematic ex- 
perience, how much really separated the technician from the engineer, 
and is this separation measured in terms of what they are capable of 
doing or by some convenient, if unnecessary yardstick (such as what 
qualifications did they obtain a decade ago) in order to restrict 
artificially promotion from "technician to engineer. 

8.1.7>^« Training Analysis - Engineers, Technicians 

The pattern of opinion that emerges from an examination of 
the data related to training suggesta that technical matters and 
manual skills were emphasised in the formal post-secondary training 
of respondents but even so practical experience considered deficient 
was of *very much* importance in acquiring the skill. Other categor- 
ies of task, viz., financial, communication, and management were 
generally not dealt with in training and because of this practical 
experience «as rated of 'very much* importance in acquiring skill 
related to the task. 

When asked to nominate the best pattern of training for 
acquiring knowledge required for the performance of the various 
categories of task, even though eight alternative methods were 
listed the results reflected traditional thinking, i.e. for technical 
skills a degree should be obtained full-time and a certificate, part- 
time. For manual skills T.W.I, (training within industry) receives 
as much support as the traditional part-time pattern. Short intensive 
courses and T.W.I, are generally nominated for other categories of 
tasks although those with engineering degrees rank economic/financial 
matters worthy of inclusion in the full-time course, equally with the 
T.W.I, pattern or short intensive course pattern of training. 

A related question asking respondents to nominate the best 
ways of acquiring knowledge for performance of the task also re- 
flected traditional thinking and live lectures were most frequently 
nominated as first-choice. There was some spread of answers for 
second choice, tutorials, on the job instruction, demonstration, 
practical job experience, and practical/field work all being selected, 
but for third choice practical job experience was almost exclusively 
nominated by all respondents across all categories of task. 

This must confirm once again the view that a combination 
course of theory and practical job experience is thought to be the 
superior method of organizing engineering training, or perhaps any 
type of vocational training. Frou curriculum consideration, however, 
it remains to be decided whether these should be concurrent or sequential. 

8.1.7.3 . Open-ended questions 

The important part of this section in the questionnaire 
related to deficiencies in training, and skills acquired through 
necessity. The main deficiencies, in order of decreasing nomination, 
were skills and knowledge related to management, financial, communication, 
and practical work. 

The fact that the first three items are listed is perhaps 
O understandable, but lack of practical work should not occupy any 

ERjC position in the list, let alone the fourth position. This must reflect 

on the training that engineers and technicians in the study received. 



doing or by some convenient, if unnecessary yardstick (such as what 
qualifications did they obtain a decade ago) in order to restrict 
artificially promotion from technician to engineer. 

8«1«7«4. Training Analysis - Engineers. Technicians 

The pattern of opinion that emerges from an examination of 
the data related to training suggests that technical matters and 
manual skills were emphasised in the formal post-secondary training 
of respondents but even so practical experience considered deficient 
was c*" 'very much' importance in acquiring the skill. Other categor- 
ies of task, viz., financial, communication, and management were 
generally not dealt with in training and because of this practical 
experience was rated of 'very much' importance in acquiring skill 
related to the task. 

When asked to nominate the best pattern of training for 
acquiring knowledge required for the performance of the various 
categories of task, even though eight alternative methods were 
listed the results reflected traditional thinking, i.e. for technical 
skills a degree should be obtained full-time and a certificate, part- 
time. For manual skills T.W.I, (training within industry) receives 
as much support as the traditional part-time pattern. Short intensive 
courses and T.W.I, are generally nominated for other categories of 
tasks although those with engineering degrees rank economic/financial 
matters worthy of inclusion in the full-time course, equally with the 
T.W.I, pattern or short intensive course pattern of training. 

A related question asking respondents to nominate the best 
ways of acquiring knowledge for performance of the task also re- 
flected traditional thinking and live lectures were most frequently 
nominated as first-choice. There was some spread of answers for 
second choice, tutorials, on the job instruction, demonstration, 
practical job experience, and practical/field work all being selected, 
but for third choice practical job experience was almost exclusively 
nominated by all respondents across all categories of task. 

This must confirm once again the view that a combination 
course of theory and practical job experience is thought to be the 
superior method of organizing engineering training, or perhaps any 
type of vocational training. From curriculum consideration, however, 
it remains to be decided whether these should be concurrent or sequential, 

8.1.7.3 . Open-ended questions 

The important part of this section in the questionnaire 
related to deficiencies in training, and skills acquired through 
necessity. The main deficiencies, in order of decreasing nomination, 
were skills and knowledge related to management, financial, communication, 
and practical work. 

The fact that the first three items are listed is perhaps 
understandable, but lack of practical work should not occupy any 
position in the list, let alone the fourth position. This must reflect 
on the training that engineers and technicians in the study received. 
Admittedly no training can provide exposure to all the practical 
problems likely to be met in a real work situation, but it might be 
expected to proviie a .'j;reat deal of it. This could imply that practical 
training should run concurrently with the theoretical content of the 
curriculum. 



Q 86. 

ERIC 



8.2, CURklCULUM QaESTIOnNAIhii: 



The CuiTiculum "^iueet loan li re iv.j;? developed by the staff of the 
N«S.%« Intititute of Tr?ohnology, wm^i intoiitiei lo examine respondents 

use of| and the importance they attached to the **elements" of civil 
engineering knowledge associated ^ith thzii section of a course dealing 
tfith structural design* (Chap. 

It was decided after the questionnaire had been edited and the 
data transferred to punch catrds that tlie analysis would be carried out 
by the Institute (Chap* 7*3*)» Xhe reason for this was that the staff 
of the Registrar's Departrnent, Education Research Unit, and the staff 
of the School of Civil Engineering at the Institute who had been 
primarily responsible for the questionnaire were thought to be best 
suited to carry out the data analysis. At the same time it was thought 
thi^ would divert work from the already over-loaded computer facility 
at Macqunrie University to the computer facility at the N.S.W. Institute 
of Technology and thus facilitate data processing. 

For a variety of reasonsi ii^jwever, this work has not yet been 
finitohei. Xnerefore, in order not to delay the printing of the report 
of tne TTiain work cf the survey it ras been agreed that the findings of 
the axiiiyois of the data obtained ^y the Curriculum Questionnaire will 
be re-.r^rted separately as Volume Two latcrr in the year* 

C.3» oiM)Y CONCERNED WITH FOU^mN 

S 1 » r\iremfcn in Civil Enginoeiing 

A key pcri?on rrivil engineerxng construction activity is the 
foreman, A major coiits^ruction site General Foreman has wide 
responsibility for men, money and materials, and his position in the 
management hierarchy reflects this* Reporting to him are the foremen 
responsible for the different sections of the project* Togethert this 
body of men is concerned with executing the work in such fashion that 
time and money targets are achieved, and design requirements and aafe 
construction codes are complied with. 

Thus foremen are an important segment of the entire labour foroe 
engaged in civil engineering. The question we had to decide was 
whether they came within the scope of this present research* It 
seemed that General Foremen certainly did, both from the nature of 
their work and from the salaries they were paid, and they were therefore 
included in the main research as part of the technician population. 
When it came to the ordinary foreman, supervisor, etc., we were 
undecided whether or not to include him in the survey. Our iBdeclsion 
was caused by interviews with foremen conducted durix^ the preliminary 
phase of the study* It was clear that this group was comprised of 
able men many of whom had not had the opportunity of proceeding to 
tertiary study and had followed the traditional apprenticeship route. 
Claims are now made that this route is now followed by a less able 
group than hitherto because of the wider opportunities for tertiary 
education based on **comprehensive^^ secondary education. If fewer 
foramen are produced from traditional sources, where might they be 
recruited from - future certificate or diploma courses? 

O . This indecision was resolved by deciding not to include the 
reman in the main survey but to include him in a smaller more simple 
^^™study. Thus the sample of foremen selected was surlier, a shorter 



It was decided after the questionnaire had beea edited and the 
data transferred to punch cards that the analysis would be carried out 
by the Institute (Crap, 7*3*)« '^he reason for this was that the staff 
of the Registrar's Department^ Education Research Unit /and the staff 
of the School of Civil Engineering at the Institute who had been 
primarily responsible for the questionnaire were thought to be best 
suited to carry out the data analysis* At the same time it was thought 
this would divert work from the already over-loaded computer facility 
at Macqu:xrie University to the computer facility at the N.S.W, Institute 
of Technology and thuis facilitate aula procet^bi ng» 

For a variety of reasoui^i iioweverj liiis work has not yet been 
fir.itohed. Tnerefore, in order nut to deiay the printing of the report 
of the mam work of the survey it has been agreed that the findings of 
the a:*iilyoLs of the data obtained by the Curriculum Questionnaire will 
be reported separately as Volume Two later in the year. 

^T^jDY concerned with FOiii^:Mi!:N 

8t3« 1 > Vor(>mta in Civil Engineering 

A key person civil engineering construction activity is the 
foreaan. A major con;5uruction site General Foreman has wide 
responsibility for men^ money and materials, and hie position in the 
!Danagement hierarchy reflects this* Reporting to him are the foremen 
responsible for the different sections of the project, Togetheri this 
body of men is concerned with executing the work in such fashion that 
time and money targets are achieyecl, and design requirements and safe 
construction codes are complied with. 

Thus foremen are an important segment of the entire labour force 
engaged in civil engineering. The question we had to decide was 
whether they came within the scope of this present research. It 
seemed that General Foremen certainly did, both from the nature of 
their work and from the salaries they were paid, and they were therefore 
included in the main research as part of the technician population* 
*hen it came to the ordinary foreman, supervisor, etc, we were 
undecided whether or not to include him in the survey. Our indecision 
was caused by interviews with foremen conducted during the preliminary 
phase of the study. It was clear that this group was comprised of 
able men many of whom had not had the opportunity of proceeding to 
tertiary study and had followed the traditional apprenticeship route. 
Claims are now made that this route is now followed by a less able 
group than hitherto because of the wider opportunities for tertiary 
education based on "comprehensi ve*' secondary education* If fewer 
foremen are produced from traditional sources, where might they be 
recruited from - future certificate or diploma courses? 

This indecision was resolved by deciding not to include the 
i'oreman in the main survey but to include him in a smaller more simple 
study. Thus the sample of foremen selected was smaller, a shorter 
questionnaire was developed, and our whole approach to this small 
sub*study was, in today's terms, ''low key"* 

Information concerning the sub-population of foremen was collected 
at the sarr.e time as that concerning the overall population of civil 
engineers and technicians. It was agreed that .cr this homogeneous 
sub-population a lower rate of sampling could be used even allowing for 
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the expected poor response due to the oul.door nature of the foretiian's 
work and the difficulty of reaching him. A figure of 10 percent 
(300 on 3009) was decided upon. Even if a low response was obtained 
it was thought this could provide some useful preliminary data. 

The response to the questionnaire was 7h out of a total of 3^t? 
distributed, i.e. 21 percent. 

The same standards of accuracy were applied to collecting the 
data, editing the questionnaires, card punching, data processing, 
etc., as were applied to the main study. 



Lslii.* Characte ristics of the Respondents as a Group 

Details of the characteristics of the group of respondents are 
provided in Appendix 11, The five tables presented in the appendix 
show the distribution of the group over type of employer, the age 
distribution, the employment pattern, the foroial training and where 
the course of formal training was completed. 

The main observations which can be made about the group of 
respondents are: 

a) a large percentage (85%) are employed by government bodies of 
one sort or another, 

b) the age distribution may reflect the depression period and World 
War II period and the effects of those two events on careers open to 
school leavers at those times. It has been predicted that with 
the freer availability of post-school education and training of one 
sort or another the traditional source of foremen will dry up. 
However, foremen will continue to be needed whether called by another 
name, and trained in a more formal way. The marked cut-off below age 
31 may indicate persons below this age do not have sufficient 
experience to be a foreman. 

c) there is a tendency for foremen to stay in a job for many years. 
This may be related to the predominance of government employment. 

d) promotion to foreman comes only after several years employment in 

the industry. This confirms the view expressed at the end of 'b* above. 

e) slightly more than half, forty (5^%), had completed formal training, 
eight of the' forty had two qualifications, and of these eight, seven 
had a foreman/overseer certificate and a trade certificate, either 
one as a first qualification. 

f) the majority by far, of those who had certificate qualifications 
had completed this in a technical college in N.S.W, (N.B. Initial 
sample limited to N.S.W,), 



^'3.3. Elements of Techn ical and Other Knowledge Used DurinK Job Activities 

The main part of the questionnaire distributed to foremen sought 
information on the usage, the importance, and the level of knowledge or 
understanding of a list of "elements" of civil engineering. This list 
comprised tech^cally oriented items, e.g. "placing concrete under 
water", management oriented items, e.g. "planning a simple construction 
job" and items such as "interpretation of contracts" and "report writing". 
The list was kept short and totalled 76 items. Each item consisted of a 
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The same standards of accuracy wer« applied to collecting the 
data, editing the questionnaires, card punching, data processing, 
etc., as were applied to the main study. 

8 .3.2 Characteristics of the Respondents as a Group 

Details of the characteristics of the group of respondents are 
provided in Appendix 11. The five tables presented in the appendix 
show the distribution of the group over type of employer, the age 
distribution, the employm nt pattern, the formal training and where 
the course of formal training was completed. 

The main observations which can be made about the group of 
respondents are: 

a) a large percentage (85%) are employed by government bodies of 
one sort or another. 

b) the age distribution may reflect the depression period and World 
War II period and the effects of those two events on careers open to 
school leavers at those times. It has been predicted that with 
the freer availability of post-school education and training of one 
sort or another the traditional source of foremen will dry up. 
However, foremen will continue to be needed whether called by another 
name, and trained in a more formal way. The marked cut-off below age 
31 may indicate persons below this age do not have sufficient 
experience to be a forjjman. 

c) there is a tendency for foremen to stay in a job for many years. 
This may be related to the predominance of government employment. 

d) promotion to foreman comes only after several years employment in 

the industry. This confirms the view expressed at the end of »b' above. 

e) slightly more than half, forty i^^'^o) , had completed formal training, 
eight of the forty had two qualifications, and of these eight, seven 
had a f orrsman/overseer certificate and a trade certificate, either 
one as a first qualification. 

f) the majority by far, of those who had certificate qualifications 
had completed this in a technical college in K.S.W, (N.B. Initial 
sample limited to N.S.W.). 

^«3.3 . Elements of Technical and Other Knowledge Used During Job A ^ ctivities 

The main part of the questionnaire distributed to for*imen sought 
information on the usage, the importance, and the level of knowledge or 
understanding of a list of "elements" of civil engineering. This list 
comprised technically oriented items, e.g. "placing concrete under 
water", management oriented items, e.g. "planning a simple construction 
job" and items such as "interpretation of contracts" and "i'eport writing". 
The list was kept short and totalled 76 items. Each item consisted of a 
simple unambiguous phrase of a few words. Answers to each the questions 
on usage, importance and level of knowledge were indicated, after reference 
to detailed instruction, by selecting numbers from k point; k point and 
5 point scales respectively. The instructions to the respondents 
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concerning these scales were as follows: 
a) Usage:- 

1. would indicate that you spent almost all your time 
using that element 

2. would indicate that you spent more than half of your time 
using that element 

5* would indicate that you spent less than half your time 
using that element 

^. would indicate that you spend almost no time using that 
element 

h) Importance:- 

1. would indicate that the element was very important to 

your job 

2. would indicate that the element was important to your job 

5. would indicate that the element was not very important 
to your job 

k» would indicate that the element was not important to your 
job at alX, 



e) Knowledge:- 

1« indicates complete theoretical and working knowledge 
2* indicates knowledge of principles only 
3. indicates practical working knowledge 
k, indicates basic facts only 

5. indicates no knowledge of element required for your job* 

A little less than ten per cent of the respondents did not 
reply to this section at all and the non-answers rose slightly 
when passing from column A, to column B, to column C. There 
appeared to be no falling off in the answer rate towards the end 
of the list. 

The results have been analysed simply by constructing a table 
with the most frequently used "elements" at the top of the list 
followed by other "elements" in order of decreasing usage* The 
table has been limited in length* In addition a short table has 
been formed of those items which are least used* 

Two similar tables have been constructed from the data 
concerning the importance attached to the item or "element". 

From the two tables, "elements" most frequently used* and 
"elements" of most importance, a short combined list has been 
prepared of those "elements" in a construction foreman's work that 
he used most, and to which he attaches most importance. 



The basic lists <*ve detailed in Appendix 11* The short 
combin'»t.ion list is given below, with no significance attached to the 



order of listings- 



TABLE S.3»1. LIST OF "ELEMENTS" MOST USED AND OF MOST INPORTAr.'CE . 



Safety regulations 
Solving problems 
Plant 

Planning a simple construction job 

Training workers on the job 

Various aspects of concrete 

Developing group morale 

Report-writing 

Book and record keeping 

Calculations concerning reduced levels. 



In general the spread of frequencies over the importance aspect of 
each "element" suggested that the people engaged in those jobs attach 
importance to more items than they actually use. Perhaps the book of 
knowledge or information concerning the job needs to be larger and 
fuller than they actually need most of the time. 

The third question we asked concerning each "eleir.ent" of 
knowledge was the level of knowledge required. With respect to each 
of the above items the frequency of answering was as follows: 



TABLE 6,3.2 . 



Element 


1 


] 

2 


Level 
5 


of Knowledge* 
4 5 No 


answer 


Safety regulation 


31 


5 


29 


3 


1 


5 


Solving problems 


22 


6 


33 


k 


2 


7 


Plant 


32 


k 


29 


2 


2 


5 


Planning a construction job 


37 


5 


22 




2 


k 


Training workers on job 


Zk 


4 


28 


k 


5 


9 


Developing group morale 


-ik 


10 


29 


10 


6 


5 


Report-writing 


22 


8 


23 


5 


5 


11 


Various aspects of } 
concrete (12 items) ) 
averaged as follows;-) 


17 


6 


26 


8 


9 


8 


Lowest ranking item 
(max* score under column 
headed by 5) 


2 


3 




21 


j3 


8 



Solving problems 
Plant 

Planning a simple construction job 

Training workers on the Job 

Various aspects of concrete 

Developing group morale 

Report-writing 

Book and record keeping 

Calculations concerning reduced levels* 



In general the spread of frequencies over the Importance aspect of 
each "element" suggested that the people engaged in those jobs attach 
importance to more items than they actually use. Perhaps the book of 
knowledge or information concerning the job neeas to be larger and 
fuller than they actually need most of the time. 

The third question we asked concerning each "element" of 
knowledge was the level of knowledge required. With respect to each 
of the above items the frequency of answering was as follows: 



TABLE 8.3.2. 



Element 




Level 


of Knowledge* 






■\ 


2 


5 


k 


5 No 


answer 


Safety regulation 


51 


5 


29 


5 


1 


5 


Solving problems 


22 


6 


55 




2 


7 


Plant 


52 


^ 


29 


2 


2 


5 


Planning a construction job 


57 


5 


22 




2 


k 


Training workers on job 


2k 


4 


28 




5 


9 


Developing group morale 


1i+ 


10 


29 


10 


6 


5 


Report-writing ** 


22 


8 


23 


5 


5 


11 


Various aspects of ) 














concrete (12 items) ) 


17 


6 


26 


8 


9 


8 


averaged as follows:-) 














Lowest ranking item 














(max. score under column 














headed by 5) 


2 


3 


5 


21 


35 


8 



1 indicates complete theoretical and working knowledge 

2 indicates knowledge of principles only 
5 indicates practical working knowledge 

4 indicates basic facts only 

5 indicates no knowledge of element required for your job# 
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The conclusion to be drawn from this seems to be that where 
an item is considered important opinion is split roughly equally 
on whether a complete theoretical and working knowledge (1) or 
only a working knowledge (3) is required* 

Much criticism can be levelled at the width of interpretations 
cf such phrases as ''solving problems**, **planning a simple construction 
:iob**, and "plant". Criticism of the terms used to subdivide the 
frequency of usage, degree of importance, and level of knowledge 
scales can also be made but pilot testing indicated the terms were 
understood* Further questions seeking information on how 

a foreman* s working time was spent appeared on pages 8 and 9 of 
the questionnaire. The answers showed:* 

a) most of his time was spent supervising people and 
dealing with problems associated with the nature of 
the work. 

b) a significant amount of time was spent policing 
safety regulations. 

c) from less than half to very little of his time was 
spent on writing and reading letters and reports, etc., 
very little time on industrial relations, and problems 
connected with the work force, disputes, wages. 

d) on the cjubject of communication, this was effected 
almost vixclusively by talking. 



Whilst the questions in this particular section were few 
in number and spe?-<.fic, the answers do, nevertheless, substantiate 
the conclusions reached from studying the answers to questions 
on the usage and importance of certain items of technical and 
other civil engineering knowledge discussed earlier. 

8.3*^. A Foreman's Job 

Summarising, one can say that a foreman's job in 1972 
consisted of:- 

a) supervising people and work 

b) being concerned with safety and regulations 
concerning safety* 

c) solving problems 

d) being concerned with plant and equipment 

e) planning 

f } training workers 

g) group morale 

h) report writing 

i) all aspects of concrete 

Examining this list one must conclude that a foreman's work 
is largely managerial in nature. Supervision must consist mainly 
of activities normally labelled maiiagement, but we were not prepared 
for such a clear cut picture as was obtained* In a nutshell the 
foreman's work is Management, Safety and Concrete* 

o All reference to responsibility was kept out of the questionnaire 

ERIC sent to . Bremen but this is not to say that responsibility is not 
an important factor in a foreman's work$ just the opposite, and 



of such phrases as **solTing problems**, **planniiig a simple construction 
job", and "plant". Criticiss oX tha tar as usad to subdivide the 
"fve^iueiiey of iiMge, degree -of i«portaBee« and level of knovledee 
scales can alao be made but pilot testing indicated the terna were 
understood. Further questions seeking infornation on how 

a foreman's working time was spent appeared on pages 8 and 9 of 
the questionnaire. The answers showed:- 

a) most of his time was spent supervising people and 
dealing with problems associated with the nature of 
the work* 

b) a significant amount of time was spent policing 
safety regulations. 

c) from less than half to very little of his time was 
spent on writing and reading letters and reports, etc., 
very little time on industrial relations, and problems 
connected with the work force, disputes, wages. 

d) on the subject of communicaticn, this was effected 
almost exclusively by talking. 



Whilst the questions in this particular section were few 
in number and specific, the answers do, nevertheless, substantiate 
the conclusions reached from studying the answers to questions 
on the usage and importsmce of certain items of technical and 
other civil engineering knowledge discussed earlier. 

8.5*^« A Foreman's Job 

SufflBtarising, one can say that a foreman's job in 1972 
consisted of:- 



a) supervising people and work 

b) being concerned with safety and regulations 
concerning safety 

c) solving problems 

d) being concerned with plant and equipment 

e ) planning 

f ) training workers 

g) group morale 

h) report writing 

i) all aspects of concrete 



Sxamitting this list one mutst conclude that a foreman's work 
is largely managerial in nature. Supervision must consist mainly 
of activities normally labelled management, but we were not prepared 
for such a clear cut picture as was obtained. In a nutshell the 
foreman's work is Management, Safety and Concrete* 

All reference to responsibility was kept out of the questionnaire 
sent to foremen but this is not to say that responsibility is- not 
an important factor in a foreman's work; just the opposite, and 
foremen are well aware of this. A job concerned with supervising 
men and work must involve accepting responsibility. This was 
discussed at length at a forum organised recently at the University 
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of N.S.W. by the *Australiaii Institute of Conptruction Supervisors. 
G. Kavanaugh-Randell, Past President, Australian Institute of 
Construction Supervisors, himself a construction supervisor, said 
at this forum. 



"It has been said that responsibility must be balanced by 
authority, and an examination of authority given may well 
define responsibility. In my position the authority of 
innovation is seldom given and therefore, my responsibility 
in the areas- of design, introduction of new techniques, 
or of change in procedure is almost zero. My powers of 
co-ordinatipn are limited to the work force or to the work 
site except by special delegation which limits my 
responsibility in this respect to one of co-operation. 
This leaves two recognized areas of authority - directing 
and controlling* Directing is a command function designed 
to attain a pre-conceived objective, and I not only give 
direction, but I also delegate and sustain directing 
authority through-out the ranks, this being bounded by area, 
by my personal efficiency and by the amount of responsibility 
I am prepared to accept. Complementary to this, is the 
authority of control, a policing function by which activities 
are kept within desired bounds, and by which sanctions may 
be applied to maintain production." 



Clearly then foremen, or supervisors in civil engineering, 
as a body, are well aware of the responsibility factor in their 
work. It has been said that the worst thing that can happen to 
a foreman is to have a man killed whilst working on the site. 
Si'ch responsibility is at a high level and is reflected in the 
imporUnce attached to safety and safety regulations by respondents 
to our questionnaire. 

8.3.5. Training of Foremen 

The views en how someone should be trained for their job 
ranked as follows 

1) Part-time course followed by full-time practical 
experience. 

2) Full-time formal course. 

3) Full-time followed by part-time course. 
^) Short intensive course. 

5) Training within industry. 

6 ) Correspondence . 

7) Self-learning. 

Experience of formal class-room teaching was high and 
suggested the preference ranking above was based on first hand 
knowledge of the benefits of formal training. In fact, training 
was rated of great value generally. However, when examined on 
how they had been trained, the majority of the respondents had 
received »on the job training* or had 'picked it up as they went 
along.* Only about thirty percent had received formal training 
and most of these in recent years. There was a wide variety of 
courses included in the term 'formal training* and only seventeen 
of the seventy-four (22ail-J»cl completed a recognized foreman's 

COUfvie* When t» vonft »♦ , , . - . 



define responsibility. In ny poeition tli« «uthority of 
innoTStion Is eeldom given and therefore, my responsibility 
in the areas' of designt introduction of techniques, 
or of change in procedure is almost zero. My powers of 
co-ordination are limited to the work force or to the work 
site except by special delegation which limits my 
responsibility in this respect to one of co-operation. 
This leaves two recognized areas of authority - directing 
and controlling. Directing is a command function designed 
to attain a pre-conceived objective, and I not only give 
direction, but I also delegate and sustain directing 
authority through-out the ranks, this being bounded by area, 
by my personal efficiency and by the amount of responsibility 
I am prepared to accept. Complementary to this, is the 
authority of control, a policing function by which activities 
are kept within desired bounds, and by which sanctions may 
be applied to maintain production." 



Clearly then foremen, or supervisors in civil engineering, 
as a body, are well aware of the responsibility factor in their 
work. It has been said that the worst thing that can happen to 
a foreman is to have a man killed whilst working on the site. 
Such responsibility is at a high level and is reflected in the 
importance attached to safety and safety regulations by respondent 
to our questionnaire. 

8.5.5. Training of Foremen 

The views on how someone should be trained for their job 
ranked as follows 

1) Part-time course followed by full-time practical 
experience. 

2) Full-time formal course. 

3) Full-time followed by part-time course. 
k) Short intensive course. 

5) Training within industry. 

6) Correspondence. 

7) Self-learning. 

Experience of formal class-room teaching was high and 
suggested the preference ranking above was based on first hand 
knowledge of the benefits of formal training. In fact, training 
was rated of great value generally. However, when examined on 
how they had been trained, the majority of the respondents had 
received 'on the job training* or had 'picked it up as they went 
along. » Only about thirty percent had received formal training 
and most of these in recent years. There was a wide variety of 
coursed included in the term * formal training' and only seventeen 
of the seventy-four (223S)_liad completed a recognized foreman's 
course. When respondents were asked about their employers' 
attitudes to courses for foremen, sixty percent believed their 
employer gave encouragement and full support. When asked if 
they thought there was any alternative to learning a foreme.n's 
job other than practical experience, seventy percent said 'No'. 
Practical experience in combination with a theoretical course was 
the predominant alternative selected by the other thirty percent. 



• "Areas of Responsibility in the Construction Industry" 
Construction Supervisor, p. 19-25, Vol. 6. August, I972, 



An iaportant question concerned topics the respondeat thought 
he would have benefited froa knowing acre about thea. Forty out 
of the seventy- four subjects replied to this question. As would be 
expected, the range of topics aentioned was wide but it has been 
possible to classify then broadly. Whilst the groups have no 
equivalence, they nevertheless show where deficiencies lie* 



The list in order of frequency of aention iss- 

Surveying/practical surveying 
Himan relations/psychology 
Mamaigeaent 

Accounting/costings/costs 

Technical iteas e«g. concrete « soil aeehanics, 

explosives, public health, sewerage treatment , 
water supply, drilling« piers, caissons 

Report writing 

Mathematics 

Contracts, contract law, interpretation 



In case it be thought that respondents answering this 
question were merely reflecting their own lack of foraal training, 
thirty out of the forty replying had foraal qualifications! 
the other ten had none. One could conclude that those respondents 
replying were perhaps more aware of deficiencies, and perhaps 
even more aware of the need for and value of foraal training. 

Five of this group of forty said they would have liked the 
opportunity to progress to a higher qualification e.g. diploaa 
or degree. 

One comment that gave pleasure stated - "more surveys of 
this sort to collate the thinking of up-and-coaing foremen would 
give benefit. Some engineer's during the early interview stages of 
the project made comments to the same effect. The questions had 
caused them to examine more closely what they were doing and they 
derived considerable benefit and satisfaction from this. 



The penultimate question sought general information and was 
worded, "Please tell us as much as you can about a foreman's 
job ana the training he should receive - you are expert in this 
type of work and in a position to tell us." Such a question invited 
a flood of comment and we were not disappointed. A summary of 
this comment would read - junior management in a technology-based 
industry. There were variations depending on whether, for example t 
Local Government, or Construction Company were the employer but 
these were slight. The work is essentially practical in nature 
and where technical knowledge is needed, it is practical knowledge 
rather than theoretical knowledge e.g. soils, concrete. Precisely 
what is meant by practical knowledge may be open to discuasion bat 
it is taken to aean knowledge about doing things and having 
knowledge about materials and operations that can spoil the end result, 
Theoretical knowledge often deals with the ideal, practical knowledge 
with the less than ideal, what makes it less than ideal, and how 
the •idealness* can be maximised. Experience counts « great deal, 
o but perhaps this is the only way of acquiring the exposure to and 

ERIC knowledge of management ideas, and also the practical traxning. 
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The list lA order of fro^udiiey of mention las- ' 

Surreying/practlcal aurreying 
HttMUA relations/psyehology 
Naaageaent 

Accounting/coat inga/coats 

Teohnical items e.g. concrete, soil sechanics, 

explosives, public health, sewerage treataent, 
water supply, drilling, piers, caissons 

Report writing 

Katheauitics 

Contracts, contract law, interpretation 



In case it be thought that respondents answering this 
question were merely reflecting their own lack of foraaO. training, 
thirty out of the forty replying had foraal qualifications! 
the other ten had none. One could conclude that those respondents 
replying were perhaps more aware of deficiencies, and perhaps 
even nore awaure of the need for and value of foraal training. 

Five of this group of forty said they would have liked the 
opportunity to progress to a higher qualification e.g. diploaa 
or degree. 

One comment that gave pleasure stated - "more surveys of 
this sort to collate the thinking of up-and-coming foremen would 
Kive benefit. Some engineer's during the early interview staps of 
the project made comments to the same effect. The questions had 
caused them to examine more closely what they were doing and they 
derived considerable benefit and satisfaction from this. 



The penultimate question sought general information and was 
worded, "Please tell us as much as you can about a foreman's 
iob and the training he should receive - you are expert in this 
type of work and in a position to tell us." Such a question invited 
a flood of comment and we were not disappointed. A summary of 
this comment would read - junior management in a technology-based 
industry. There were variations depending on whether, for example. 
Local Government, or Construction Company were the employer but 
these were slight. The work is essentially practical in nature 
and where technical knowledge is needed, it is practical knowledge 
rather than theoretical knowledge e.g. soils, concrete. Precisely 
what is meant by practical knowledge may be open to discuasion bat 
it is taken to mean knowledge about doing things and having 
knowledge about materials and operations that can spoil the end resuXt. 
Theoretical knowledge often deals with the ideal, practical knowledge 
with the less than ideal, what makes it less than ideal, and how 
the 'idealness* can be maximised. Experience counts a great doaX, 
but perhaps this is the only way of acquiring the exposure to and 
knowledge of management ideas, and also the practical training. 
Hesponsibility received fair mention and items such aa keeping coat 
accounts and writing reports are frequently instanced. In the end, 
however, the overiding impression is of work in which resooreaa - 
«en, materials, and time are controlled and directed towards 
achieving objectives of a technical nature e.g.. the construction of 
a concrete bridge, and in the achieving of this, problems have to 
be overcome, men have to be preserved from danger and much ■ecbanical 
equipment is employed. 
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To conclude the questionnaire we t0..;ted the idea we ha 
developed early in the study that many connrruction foremen 
originally carpenters, anu solicited tno reasons for this, 
following table r.ummarisoG the renponao to thic. 



TABLE 8.5.3.a. 


RESPONSE 


TO PREMISE : 


TAB1.E 8.3.3.b. REASON IF IN 


■ ,■■.„■ , ■■ ■- . ' , 

! 


AGREEMENT. /OR NOT 


No answer 






Tsin nnxnicm. no answer Hi 


No - disagree 




19 


Carpenters have broader 

contacts with other 

trades and their methods 10 


Yes - agree 




33 


Nature of a foreman's job* 5 


Don't know 




5 


Civil engineerinp* is 
based on the type f work 
a carpenter does^ hand 
construction work. 15 


In certain areas only 


2 


J A carpenter's job lasts 
1 only 2-3 years on a large 

site and he therefore 
1 Lakes jobs with other 
^ tradesmen and gains inside 

knowledge • 1 


Not necessarily 


so 


1 


^ Carpenters work for 
Lhem£ielver> at one zisi^,e 
and employers know they 

1 can be relied on. 1 

1 

1 Dependant on area of work 1 


Unclassif iable 




1 






7k 










1 



Our conclusion is that the premise that training for a foreman's 
job is aormally via a carpenter's apprenticeship is not conclusively 
proven. It may have been the most popular route in the past, and 
in fact, almost all the respondents agreeing with this premise were 
over forty years of age. However, not all men over forty thought 
this was the case. 



8.3.6. Conclusion 

We must emphasise again that the study of foremen was carried 
out with less intensity than the main study, but the evidence 
suggests that when we widened our definition of a technician to include 
people using management techniques and so brought the construction 
O . foremen into the scope of the study we were correct in doing so. 

ERJC Construction forewen are an important sector of the population of 

"~" skilled people working in civil engineering, they are technicians 



TABLE 8.5.3.a» BESPONSS TO PREMISE 



TABLE 8.3«3«b , REASON IF IN ^ 
AGREEMENT, /OR NOT 



No an.siwei- 


13 


No opinion, no answer 




No - dxsagree 




warpeziuera nave uroocier 
contacts with other 
trades and their methods ^ 


10 


Yes - agree 


55 


Nature of a foreman •s job^ 




Don' t know 


5 


Civil engineering is 
based on the type of work 
a carpenter does, hand 
[ construction work. 


15 


In certain areas ouly 


2 


i A carpenter's job lasts 
j only 2-3 years on a large 

site and he therefore 
1 takes jobs with other 

tradesmen and gains inside 
1 knowledge. 


1 


Not necessarily so 


1 


I Carpenters work for 
1 Ihemaelveiri at one r;ia^^e 
! and employers know they 
1 can be relied on. 

1 


1 


u nc Jiass 1 1 laoxe 


t 


^ D^i'^AnrJanf' rtn ftT*pa of* work 

1 


1 






1 

1 

! 


7^ 






1 
t 

1 ,— . .. ■ 


1 



Our conclusion is that the premise that training for a foreman's 
job is aoroally via a carpenter's apprenticeship is not conclusively 
proven. It may have been the most popular route in the past, and 
in fact, almost all the respondents agreeing with this premise were 
over forty years of age. However, not all men over forty thought 
this was the case* 



8 . 5 , C) , Conclusion 

We must emphasise again that the study of foremen was carried 
out with less intensity than the main study, but the evidence 
suggests that when we widened our definition of a technician to include 
people using management techniques and so brought the construction 
foremen into the scope of the study we were corrlct in doing so. 
Construction foremen are an important sector of the population of 
skilled people working in civil engineering, they are technicians 
using technical knowledge and management techniques in a broad way 
and so differ from the usual concept of a technician as a person using 
a very limited knowledge, usually technical, in depth in a repetitive 
way. 

The analysis of the data has given clear indications of the 
main features of a foreman's work and those people concerned with 
designing courses for civil engineering foremen or technicians may 
find value in those items specifically mentioned* 
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CURRICULUM DEVElO^'^u::^•i' 



The overall intent of this study has been to ex^ne the relationship 
between the practice of civil engineering and student courses in civil 
engineering. The report so far, however, has been concerned with establishing 
the features of current civil engineering practice at both the technician and 
engineer levels. In this chapter we propose to examine some of the factors 
identified in theoretical studies of curriculum development and then attempt 
to relate them to courses in civil engineering currently provided by educatlwual 
institutions. Since the universitie& have had some effect on the curricula of 
the new C.A.E.'s data was also collected from all university departments 
offering civil engineering courses. In this chapter it has been possible to 
assemble Information from every State.* 

9.1 LINKS BETWEEN TERTIARY INSTITUTIONS AND INDUSTRY 

The curricula of the various civil engineering schools exist in 
their present form largely as a result of tradition. Some change has been 
brought about as a result of perceived need, or outside wishes expressed through 
advisory committees, or inside views and attitudes Injected by individual 
professors and lectures. Industry ac large appears to have had little impact 
other than through advisory committees which, of necessity, must be restricted 
In size and therefore of limited representation, and because of the industrial 
duties of its members, meet on infrequent occasions. The limitations of this 
representation may be even more severe when it is realised that advisory 
committee members may be either powerful, personable leading men in the industry 
or Individuals whose abilities mark them as committee members or attenders, both 
of which categories may have little to do with civil engineering at the 
operational level In spite of possible protestations to the contrary. 

The fact that Industry at la'-ge has had comparatively little impact on 
vocational education must be attributed to both sides in fair measure, academia 
claiming to know what is best for student courses, but being unwilling to offer 
objective evidence from systematic curriculum evaluation; and Industry con- 
fining itself, when motivated to express views in public, to generalised 
statements that a graduate needs two years further training in industry before 
he is of any use, but not being able to formulate in any way suitable for 
remedial action why this is so. 

One can argue at length on the causes that have created this state of 
affairs and the reasons why it persists. Hopefully the Colleges of Advanced 
Education with their emphasis on the whole of a vocational training will avoid 
the conflicting position of some universities, which proclaim their ability and 
desire to offer "education", but which are forced by economic circumstances to 
offer ostensibly straightforward vocational courses because large numbers of 
students demand them for career preparation and until recently have rejected 
courses in alternative institutions for prestige and other social reasons."^ 
At the same time peraaps, studies of the sort we are engaged on may dispel some 
of the myths about employment, in any case, of civil engineers and technicians 
In Industry, both public and private. The mythology of both sides helps to 
perpetuate the barriers. Essentially, however, both Industry and the tertiary 
institutions are part of the lOcti century world, the one cannot survive for 
long without the other. 




' Replies were received in response to our enquiries from all universities 



iMtWMfi cha practice of civil engineering and atudent couraaa in civil 
engineering. The report so far, however, has been concerned with establishing 
the features of current civil engineering practice at both the technician and 
engineer levels • In this chapter we propose to examine sofoe of the factors 
Identified in theoretical studies of curriculum developioent and then attempt 
to relate them to courses in civil engineering currently provided by educaticiiai 
institutions. Since the uiiiversicieb have had soioe effect on the curricula of 
the new C«A.E.*s data was also collected from all university departments 
offering civil engineering courses. In this chapter it has been possible to 
assemble information from every State.* 

9.1 LINKS BETWEEN TERTIARY INSTITUTIONS AND INDUSTRY 

The curricula of the various civil engineering schools exist in 
their present form largely as a result of tradition. Some change has been 
brought about as a result of perceived need, or outside wishes expressed through 
advisory committees , or inside views and accijudes injected by individual 
professors and lectures, industry au large appears to have had little impact 
other than through advisory committees wnj^cl:, oi necessity, must be restricted 
in size and therefore of limited ro preset: Ccic ion, c*nd Dec£.use of the inoustrial 
duties of its members, meet on infreqiierc occasions. Tne limitations of this 
representation may be even more severe when it is realised that advisory 
coxmaittee members may be either powertxi^, personable leading men in the industry 
or individuals whose abilities mark tliCin as commj^tcee members or attenders, both 
of which categories may have little to do with civil engineering at the 
operational level in spite ox possible protestations to the contrary. 

The fact that industry at large has had comparatively little impact on 
vocational education must be attributea to both sides in fair measure, academia 
claiming to know what is best for studenc courses, but being unwilling to offer 
objective evidence from systematic curriculum evaluation; and industry con- 
fining itself, when motivated to express views in public, to generalised 
statements that a graduate needs two years further training in industry before 
he is of any use, but not being able to formulate in any way suitable for 
remedial action why this is so. 

One can argue at length on tne causes that have created this state of 
affairs and the reasons why ic persists. Hopefully the Colleges of Advanced 
Education with their emphasis on the whole of a vocational training will avoid 
the conflicting position of some universities, which proclaim their ability and 
desire to offer "education", but which are forced by econo!nic circumstances to 
offer ostensibly straignt forward vocational courses because large numbers of 
students demand them for career preparation and until recently have rejected 
courses in alternative insticutions for prestige and other social reasons.*^ 
At the same time pernaps, stuaies of the sort we are engaged on may dispel some 
of the myths about empioyioent, in any case, of civil engineers and technicians 
in industry, both public and private. The ipythology of both sides helps to 
perpetuate the barrxers. Essentially, however^ both industry and the tertiary 
institutions are part of tne 20cn century world, the one cannot survive for 
long without the other. 



* Replies were received in response ;:o our enquiries from all universities 
with the exception of the Jniversity of Newcastle and all C.A.E.^s with the 
exception of the South i^ustralian lnsti4:ute of Technology. The authors are 
most grateful for the assistance received from the various Heads of School* 

+ See, for examp:4.e, studies by iCat;&, F. and co-workers on the Tertiary 

Education Research Centre, U.N.S.W. on the differing conception of staff end 
students to the aims of uuive;*:sity courses. 
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Of the few bridges between acHdeala and liidiistTy» the wMt foxaal 
and easily recognisable Is tbe advisory coamlttee. In theory the norlc of 
an advisory cooBlttee Is concerned, at Ictast In part, with currlcoloa develop- 
■ent. In order to find out wore about the links betve^ tertiary Instltutloos 
and Industry, a saall preliminary exploratory exercise was aounted In which 
the institutions and departments concerned with civil englneerlns coorses were 
asked what Instruwents were In use "for assessing Industrial needs for ■inpnwrr, 
and skills to enable appropriate adjustment of curricula content and r^r^^fug 
methods". Information was sought on the extent of participation of a) 
permanent research unit, b) part-time research unit, c) advisory i iftf n r 
(standing committee), d) ad hoc ccmmlttee convened for specific taafca* e) and 
any other facility of this type. Further questions referred to the amount of 
work carried out In the areas of task analysis and evaluatloo, cm 
Industrial manpower needs (concerned with work), on Industrial mnpower deamdSp 
educational research with respect to teaching methods and approprimtenena of 
courses; curricula changes and tbe reastms for these » and finally Informatioii 
on the systems in existence for reviewing coorses and making chants. 

• 

This short questionnaire was sent to the 

a) six State Departments of Technical Education 

b) seven Colleges of Advanced Educatioo 

c) nine Oniverslties 

offering civil engineering courses in Australia. 
Keplles were received from - 

a) four State Departments of Technical Education 

b) five Colleges of Advanced Education 

c) four Universities. 

Of the replies sone were in letter form, unaccoapauied by the 
<Iuestionnaire; letters were received from one department saying it had no 
courses, from another department with a detailed account of techoielan eooraem» 
from one college of advanced education saying its eonrae had been in aadstancm 
for only a short tine, and from two univeraltiea who declined to co^platm the 
queatlonnalra as they felt that the inforaation ao provided would not pvtacat 
an accurate picture of procedures. 

Questionnaires were thus returned by two Departments of Teefamical 
Education, four Colleges of Advanced Education and two Univeraltiea. The 
information is suamarised below: - 

1) The most freqtiently used instruments for asaeaaing industrial needs 

for Manpower and Skilla to enable appropriate adjoatment of ewrrieula 
content and teaching metlMda were: 

1) Advisory Cowmittee 

2) Ad Hoc CoMittee convened for specific taafcs 

individual contact by head of department 
contact through sandwich coarse 
survey of overseas college syllabuses and 

educatiottal poblicatioDa 
questionnairea 

having outside engineers eo board and 
involved in ataff discuasioos 

Sesearcfa laiita , either Dezmase '.or •>-•>• . 



3) other (1) 
(11) 
(ill) 

(iv) 
(v) 



and aklllB to •na^lm appcopriat* •diiwtMaC of ctnrrieala coatMt 

mmthodm**. lafovMtloo wm sougtit on the eactent of participatloa of a) 
pamacac research unit, b) part-ti» loaeascfa uiit» c) adviaocy eoaalL ^ 
(standing coMdttea). d) ad hoc coMittee coowned for specific taska» e) md 
any other facility of this type. Further questions referred to the anont of 
imrk carried out in the areas of task analysis and Job evaluation, » 
industrial Mnpo««er needs (concened vith vork), on industrial Mapowcr deamda, 
educational research vith respect to teaching aethods and appropriateness of 
courses; curricula changes and the reasons for these t and finally infoxMtion 
on the systeas in existence for reviewing courses snd aaking changes. 

This short questionnaire vas sent to the 

a) six State Departaents of Technical Education 

b) seven Colleges of Advanced Education 

c) nine Universities 

offering civil engineering courses in Aut«Lralia. 
Replies were received froa - 

a) four State Ikspartaents of Technical Education 

b) five Colleges of Advanced Education 

c) four Uaiversities. 

Of the replies soae were in letter fora, unacconpanied by thm 
questionnaire; letters were received froa one departaent saying it had no 
courses, froa another departaent with a detailed account of technician courses, 
froa one college of advanced education saying its course had been in exiatcaca 
for only a short tiae, and froa two univeraitiea irito declined to coaplata the 
queatioonaira aa they felt that the inforaation ao provided would not praaaat 
an accurate picture of procedurea. 

Questionnaires were thus returned by two Departaenta of Tedtnical 
Education, four Colleges of Advanced Education and two Univeraitiea. The 
infomarfon is suaaarlsed below:- 

1) The aost frequently used instruaents for assessing industrial neada 

for Manpower and Sfcilla to enable appropriate adjuataent of cnrricula 
content and teaching aethoda were: 

1) Advisory Coaaittee 

2) Ad Hoc Coaaittee convened for specific tasks 

3) other (i) individual contact by head of departaent 

(ii) contact through sandwich course 
(iii) survey of overseas college syllabuses and 

educational puhlicationa 
(iv) questionnaires 
(v) having outside engineem on board and 
involved in staff discussions 

Research units, either pemanent or part-tiae were seldoa used; with 
the exception of one state goveroaent departaent. 
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Answers to questions concerning Che number of hours that staff spent 
In coQsmitcee work and in research were incotiplete^ but we formed the opinion 
that Che more senior staff members of a school of civil engineering might 
spend between cen aad forty nour^ per year in conunlttee» with the average near 
the bottom of the range. As far as research was concerned, few figures were 
provided^ buC the impression was formed that not many people were involved » and 
of these the best allocation was sixty hours per year, with the average in the 
fifteen to tw^^nty hour range. Tl^e figures concerning research were somewhat 
suspect because they were not t>oi:ne out by later answers. In any event they 
are so near zeru ad to viruuaily indicate nil research. The exception again 
was one scaCe govemme^it department of technical education whose division of 
curriculum research has a staff of 12 professional officers who undertake 
curriculum developuieac revi^ioi* QXi<i evaluation, industrial surveys, and related 
research. 



Advisory committee or board members were drawn from university 
professors and staff, state department Heads and staff , private enterprise 
heads and staff, recent graduates, students, and local government personnel. 

Later examination of some college handbooks showed that the 
composition of the course advisory committees varied widely. Footscray l.T. 
for example has a board to "advise the Department on matters related to Course 
design. Subject Syllabuses, Teaching methods. Teaching facilities and Liaison 
with industry.*' Its composition includes a representative of the Association 
of Professional Engiiieers as chairman, four others from Industry, a university 
lecturer and six members of staff three of whom teach civil engineering. The 
N.S.W. I.T. at the ocher extreme has three staff members (Ex«Officlo) , one 
university professor and twexve represencatives of a wide range of public and 
private industry. 

Bendlgo I.T. use a different ipproach and state "It is proposed Lo 
appoint an eminent practising civil engineer as adviser to the Civil 
Engineering Department. His task would be to ensure that the Instruction 
given meets the needs of the profession, and that the examinations and projects 
are maintained at thp .appropriate standard. He would be invited to tnoderate 
the examinations and projects in the final year." 

Some college handbooks make no reference to advisory committees althoug(h 
they may exist, for example Swlnbome although the engineering handbook does 
state '^Engineering courses are under constant review to ensure that they remain 
up to date** it would be of interest to determine when the college advisory 
boards (or other expert assistance) were established since their effectiveness 
is clearly greacest during the inicial formacion of a programme. Subsequent 
changes are much more difficult Co achieve. Roderick of Sydney Uhiveralty In 
1971 in discussion wich one of the authors explains how they were attempting 
to alter their courses in the light of the current views on engineering 
education by getting luure practising engineers to lecture and participate in 
the course. 



Within the last five years only one attempt had been made at task 
analysis, none on job evaluation, two on manpower needs, and four on manpower 
demands . 



"Educational research** in the last five years comprised three studies 
on teaching methods and four on appropriateness of courses. 

Six major changes in curricula were reported. The bases cited for the 
decision to change were: 

(1) to keep abreast of changes interstate, 
Hm (11) to provide a better integrated course, 
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fifteen to twenty hour rsxige. The figures concecnlag research were eoMMhet 

suepect because chey were aot borne out by later atiswers. In any event they 
are so near sero as to virtually indicate nil research. The exception again 
was one state government department of technical education whose division of 
curriculum research has a staff of 12 professional officers who undertake 
curriculum developibeac revioXon and evaluation » industrial surveys » and related 
research. 



Advisory committee or board members were drawn from university 
professors and staff, state department heads and staff » private enterprise 
heads and staff, recent graduates, students, and local govemioent personnel. 

Later examination of some college handbooks showed that the 
composition of the course advisory committees varied widely. Footscray I.T. 
for example has a board to "advise the DepSiTtment on matteis related to Course 
design. Subject Syllabuses, Teaching n^thoc^s. Teaching facilities and Liaison 
with Industry." Its composition includes a representative of the Association 
of Professional Engiaeers as chairman, four others from industry, a university 
lecturer and six members o£ staff three of whom teach civil engineering. The 
M.S.W. I.T. at the ocher extreme has three staff members (Ex-Of f icio) , one 
university professor and twelve represencacives of a wide range of public and 
private industry. 

Bendigo I.T. use a different approach and state "It is proposed to 
appoint an eminent practising civil engineer as adviser to the Civil 
Engineering Department. His task would be to ensure that the Instruction 
given meets the needs of the profession, and that the examinations and projects 
are maintained at the appropriate standard. He would be invited to moderate 
the examinations and projects in the final year." 

Some college handbooks make no reference to advisory committees although 
they may exist, for example Swlnbome although the engineering handbook does 
state "Engineering courses are under constant review to ensure that they remain 
up to date" it would be of Interest to determine when the college advisory 
boards (or other expert assistance) were established since their effectiveness 
is c.Tearly greatest during the initial formation of a programme. Subsequent 
changes are much more difficult to achieve. Roderick of Sydney University in 
1971 in discussion vlth one of the authors explains how they were atteQq>ting 
to alter their courses in che light of the current views on engineering 
education by getting more practising engineers to lecture and participate in 
the course. 



Within the last five years only one attempt had been made at task 
analysis, none on job evaluation, two on manpower needs, and four on manpower 
demands. 

"Educational research" in the last five years comprised three studies 
on teaching methods and four on appropriatenec^s of courses. 

Six major changeoi in cuirricula were reported. The bases cited for the 
decision to change were: 
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(1 
(ii 

(ill 
(iv 
(v 
(vi 
(vii 
(viii 

(ix; 

(X 

(xl 
(xli 



to keep abreast of changes interstace, 
to provide » better integrated course, 
to meet a demand, 

direct request for a particular course, 
advisory committee, 
representation from industry 

CO soeet requiremencs of a professional institute, 

staff recommendations 

surveys/questionnaires , * 

availability, 

upgrading, 

obvious need. 
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It wd!» pointed out f.v ii.iuv ^uut c aivic^lnm revision is a fairly 
continuous process^ A leaflet suppiied later by Bendigo states that the new 
Diploma coarse will be reappraised in \^77 *Vith a view to making any 
aiaendTOats considered ucoesaiaiy in the light of experience gained in the 
first four year:* of operaiion. It jiay be necessary to amend the syllabus 
content to incorpor te new dev,. lopment*- in the sciences and in civil 
engineering. The cour&»e should continue tu be reappraised thereafter every 
five years/* 

The system tor reviewing cour^e^ and making changes involved in most 
cases hierarchical approval* Ten types were revealed: 



(i) head of school initial wi aua conducted the review^ 
(ii) study area committee meeting regularly » 
(iii) individual subject panel meeting regularly » 
(iv) new students and new statf providing feedback^, 
(v) V»IX. Course Dev«;ils«pment Committee » 
(vi) Engineering Ar.adeuii<* Boards and Education Committee 
of Council 9 
(vii) Board of Studie&i» 
(vili) the use of questionnaxres witn students^ 
(ix) occasional symposia » 
Cx) by encouraging staff and stadents to make suggestions 
tor improvement. 



The cited uses of the various instruments were as follows: 



State Education Departments (4j 



Collegea of Advanced Education (5) 



Universities (4) 
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Reference was made in the rrc'*^ lespuix^e £»ection to the substantial 
Industtial experience of many of the academic staff* This was enpbaslsed 
again in the later systematic survey when questions were asked concetniiig tiie 
extent of industrial experience incorporated within the undergraduate couroe* 
^The fact that many of the teacliing staff in this Department have had 9lgnl£icaiit 
periods in which they practised engineering prior to entering teachingt makes 
it a * natural* for them to want to place all their teaching material in the 
perspective of the *real world* engineering environment - the world of *practice^« 
Further p we endeavour » by use ol specialist lectures by practising Engineers 
and by active encouragement to autend Institution of Engineers meetings^ to bring 
the student into contact with engineering practice/* 




Thus extensive use is made by Boa^e colleges of indirect rather than 
direct means of ensuing curriculum validity. Similarly some of the tertiary 
institutions which responded believed that it was not their function to 
determine manpower demands altliough due regard was paid to surveys by the 
Department of Labour (and Natloral Service). T»--* ri-«i4 4« •-ir ^ 
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The system £or revlewlag courses and making changes Inwli^ed In wist 
cases hierarchical approval. Ten types were revealed: 

(i) head of school initiaCi^d and conducted the review, 
(ii) study area committee meeting regularly » 
(iii) individual subject panel meecing regularly, 
(iv) new students and new statf providing feedback, 

(v) V.l.C. Course Development Committee, 
(vi) Engineering Academic BoaiJ, and Education Committee 
of Council, 
(vii) Board of Studies, 
(viii) the use of questionnaircb^ witn studeats, 
(ix) occasioaal symposia, 
(x) by encouraging staff and students to make suggestions 
fur improvement. 

The cited uses of the various instruments were as follows: 



State Education Departments (4) 



Colleges of Advanced Education (3) 



Universities (4) 
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Reference was made in Lhe tree lespoiise section to the substantial 
industrial experience of many of the academic staff. This was eapbasised 
again in the later systematic survey when questions were asked concerning the 
ext^t of industrial experience incorporated within the undergraduate course* 
**The fact that many of the teaching staff In this Department have bad slgnificanC 
periods in which they practised engineering prior to entering teaching, wakeB 
it a ^natural* for them to want to place all their teaching material in the 
perspective of the ^real world* engineering environment - the world of ^practlce^. 
Further, we endeavour, by use ox specialist lectures by practising Engineers 
and by active encouragement to attend Institution of Engineers meetings t to bring 
the student into contact with engineering practice." 

Thus extensive use is made by some colleges of indirect rather than 
direct means of ensuing curriculum validity. Similarly some of the tertiary 
institutions which responded believed that it was not their function to 
determine manpower demands although due regard was paid to surveys by the 
Department of Labour (and National Service) « The preliminary survey 
questionnaire clearly did not reach the effective authority in sooie colleges 
where it was Known to the authors that tentative iri n power surveys were under** 
way. Examples of these, such as the Civil Engine ring En^loyment Survey 
conducted by K^S. Lennie from Footscray, were cau hc up in the subsequ^t aore 
systematic study « 
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The curriculum process (or cycle) involves a number of steps the 
first of which is usually the determination of the curriculum aims or 
objectives. In an ideal cycle the method by which the attainment of these 
aims is to be measured (frequently regarded as the last step) is considered 
simultaneously. 

The statement of objectives is no easy task. One frequently reads 
that engineering curricula are full of dead wood, or are too inclined towards 
engineering science, less frequently one reads about what should be in the 
curricula and what its objectives are, or should be. Because this study is 
concerned with a vocation - civil engineering - objectives must relate to a 
Job and the preparation of a student in such a fashion as will enable him to 
perform efficiently in that job. 

Many authors have comix^nted on the overall aims of engineering 
courses Earnest^ of Fenn College, Cleveland, U.S.A.* when talking of Civil 
Engineers* Education referred in his paper to ''one dean of engineering 
(saying): * Engineering is rapidly demanding not one but three types of 
engineers (1) the highly creative composer who can create out of abstract 
science wholly new systems to replace or fill deficiencies in existing 
engineering products; (2) the talanted arranger of established knowledge who, 
on the basis of existing products, can design and build ingenious. Improved 
systems or devices; and (3) an expert in assembling, operating and maintaining 
complicated machines and engineering works from specifications, required in 
increasing numbers to make the new technology work*''. "To this list 1 (Earnest) 
would add a fourth - the old fashioned engineer, civil engineer if you please, 
who can design and build a good highway system, a safe dam, an efficient bridge, 
or drain a swatap economically < and do these things under the worst possible 
physical conditions with an untrained labour force'*. This last emphasis on 
economics is very real* An American wit (unknown) is reputed to have 
described a civil engineer as a man who can do for one dollar what any damn 
fool can do for two. If this last point is accepted it poses some Interesting 
educational problems. 

In attempting to determine what the overall aim and content of his 
course should be Dietrich'*', of Purdue made a study of the i.«stitution*s 
engineering alumni to try to determine the educational needs of engineers as 
these men reflected it from their own experience. The report showed that their 
ideas differed by age groups . Alumni who had been actively engaged in the 
engineering profession for one to five years felt they shotdd have taken more 
practical courses while in college. Those graduated 5-15 years prior to the 
survey indicated that their curricula should have contained additional courses 
in mathematics, physics, chemistry and basic science. Those from 15-20 years 
out of school felt that public speaking, business organisation, finance and 
labour relations should have been given more time. Graduates with more than 
25 years of professional experience maintained that more time should have been 
devoted to music, literature, drama and art. 

A summary of much detailed intelligent thinking that occurred in the 
last decade in the U.S.A. entitled "Final Report on Goals of Engineering 
Education"?* is worthy of close study. The report covering seventy-three pages 
is divided into three main parts, *The Engineer in Future Society*, *Baslc 
Engineering Education* and 'Advanced Engineering Education*. 

One must ask what the overall aim of a couise is and can this be 
expressed as a set of more detailed objectives. What also are the objectives 
of certain subjects that are included* What is the objective in mind when, say 
mathematics occupies a large sector of a degree course, or vhat will be the 



The statement of objectives Is no easy task. One frequently reads 
that engineering curricula are full of dead wood, or are too inclined towards 
engineering science, less frequently one reads about what should be in the 
curricula and what its objectives are, or should be. Because this study is 
concerned with a vocation - civil auglneerlng - objectives must relate to a 
job and the preparation of a student In such a fashion as will enable him to 
perform efficiently 5t that job. 

Many authors have commented on the overall aims of engineering 
cour:ies. Earnest* of Fenn College, Cleveland, U.S.A., when talking of Civil 
Engineers* Education referred in his paper to **one dean of engineering 
(saying): 'Engineering is rapidly demanding not one but three types of 
engineers (1) the highly creative composer who can create out of abstract 
science wholly new systems to replace or fill deficiencies in existing 
engineering products; (2) the talanted arranger of established knowledge who, 
on the basis of existing products, can design and build ingenious. Improved 
systems or devices; and (3) an expert in assembling, operating and maintaining 
complicated machines and engineering works frcm specifications, required in 
increasing numbers to make the new technology work'". **To this list I (Earnest) 
would add a fourth - the old fashlonea engineer, civil engineer if you please, 
who can design and build a goo d highway system, a safe dam, an efficient bridge, 
or drain a swanq) economically , and do these things under the worst possible 
physical conditions with an untrained labour force". This last emphasis on 
economics is very real. An American wit (unknown) is reputed to have 
described a civil engineer as a man who can do for one dollar what any damn 
fool can do for two. If this last point Is accepted it poses some interesting 
educational problems. 

In attempting to determine what the overall aim and content of his 
course should be Dietrich'*', of Purdue made a study of the institution's 
engineering alumni to try to determine the educational needs of engineers as 
these men reflected it from their own experience. The report showed that their 
Ideas differed by age groups . Alumni who had been actively engaged in the 
engineering profesjlon for one to five years felt they should have taken more 
practical courses while in college. Those graduated 5-15 years prior to the 
survey indicated that their curricula should have contained additional courses 
in mathematics, physics, chemistry and basic science ♦ Those from 15-20 years 
out of school felt that public speaking, business organisation, finance and 
labour relations should have been given more time. Graduates with more than 
25 years of professional experience maintained that more time should have been 
devoted to music, literature, drama and art. 

A summary of much detailed Intelligent thinking that occurred in the 
last decade in the U.S.A. entitled "Final Report on Goals of Engineering 
Education"^* is worthy of close study. The report covering seventy-three pages 
is divided into three main parts, 'The Engineer in Future Society', 'Basic 
Engineering Education' and 'Advanced Engineering Education'. 

One must ask what the overall aim of a course is and can this be 
expressed as a set of more detailed objectives* What also are the objectives 
of certain subjects that are included. What is the objective in mind when, say 
mathematics occupies a large sector of a degree course, or what will be the 



* Civil Engineering, Vol* 33, No. 2, Feb. 1963, pp. 52-53. 
^ Civil Engineering, Vol. 35, No. 2, Feb. 1965, pp. 56-58. 

# Journal of Engineering Education, Vol. 58, No. 5, Jan. 1968, pp. 367'<-446# 
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objective if one decides to include aanageaent studies in a certificate 
course. Uithout doubt the study of objectives is of great ioportance when 
considering curricula. Without doubt also, It is not a sis^>le study. 

Huch has been written on the methods of presenting curriculum 
objectives. Mager* puts simply the case for writing objectives in behavioural 
terms. Bloom'*' classifies objectives simply into cognitive, affective, and 
psychomotor domains, and a separate detailed handbook describing the hierarchy 
of objective levels is available for the cognitive and affective domains. No 
handbook within the series has been published for the psychomotor domain 
although some attempts at classification have been made for particular skills. 

Hulda Grubman** when writing of the difficulties in reconciling the 
Mager and Bloom approaches says "objectives most readily stated in behavioural 
terms deal with the lowest levels of the cognitive domain with knowledge and 
comprehension (in the sense that they are used by Bloom) and with the first 
two levels of the affective domain, receiving and responding. Bawever, most 
current curriculum projects have expressed primary concern with such higher 
cognitive levels as the ability to use knowledge in new situations, with 
developing creativity (synthesis and evaluation) and with other skills 
classified as analysis, synthesis and evaluation. Projects have also been 
concerned with the higher levels of the affective domain, %rith attitudes of 
students toward the subject and toward learning in general". Thus it may be 
possible to define some objectives for a technician course, particularly those 
concerned with skills, in behavioural terms, but for much of a civil 
engineering diploma/degree course the use of more general objectives only may 
be possible. 

The Australian Situation 

As part of the present study information was sought by letter (and 
received with two exceptions) from each college and university offering civil 
engineering courses. Part of this letter read '*We should be pleased to receive 
any eicplicit statements of course aims or any outline curricula listing 
comptU-sory and optional subjects.'* 

Much information was received including handbooks, detailed syllabi 
or curriculi prepared for new degree/diploma submissions and detailed personal 
notes. In some CMB&a where it cmild possibly cause eabarrasraent to 
institutions acknowledgement to some will not be made. In other instances Joe 
acknowledgement is given in the excerpts below and in the following chapter 
on professionalism, from which it is difficult to separate part of the current 
discussion. 

In addition to explicit statements on course aims attempts were made 
to determine implicit aims by reference to statements concerning examinations, 
course utility, etc. 



♦ Mager, R.F. "Preparing Instructional Objectives", Fearon Publishers, San 
Francisco, U.S.A., 1961. 

4- Bloom, B.S. "Taxonomy of Educational Objectives - Cognitive Domain**, 
Lon^un, London, 1956. 

# e.g. Sumer, R. The Vocational Aspect, 1968, 20, pp. 137-151, discusses the 
objectives of craft education and includes a psycb'^motor group. 

** Grubman, Bulda, Evaluation activities of curriculum projects, AEBA monograph 
series on curriculum evaluation. No. 2, 1968. Rand, McHally, U.S.A. 
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The most detailed statement of alms was received from the University 
of Melbourne (5 f.s. pages). This document listed and discussed aims under 
three headings : education appropriate for a graduate; for an engineer, and 
for a civil engineer, part of this document is available in the appendix 12. 
No other detailed objective sets were obtained from universities although a 
reprint of a more general paper on "Goals of Engineering Education" was 
received from Professor J.W. Roderick of Sydney University. Statements on 
course aims and objectives were received from the following Institutes of 
Technology : Gordon, Capriconiia, Preston, Bendigo and Footscray. 



Some of the pablisiied statements on general aims caused some concern 
since yerious assumptions appear to have been made. -"In formulating this 
submission, the basic aim has been to provide a Degree course of the equivalent 
standard to that of a University thereby* preparing the graduate to take his 
proper place in a creative and demanding profession." 

This citation on the university for support may depend upon statements 
such as that of Professor Roderick. "The preference in some industries has 
been for an engineering education vith a strong vocational bias, of comparatively 
'^hoTL duration but with ample opportunity for students to undertake courses 
part-time or on a sandwich basis. The same industrialists have supported 
diploma courses .... This has implied some criticism of the four year 
engineering courses given in the universities, namely that they were producing 
a type of engineer more concerned with the discovery and expansion of knowledge, 
than with the application of knowledge to the solution of practical engineering 
problems. Moreover, against this criticism must be set the fact that for many 
years past about 90% of the universities' output has been entering the 
profession to become successful practitioners," 

A further defence cited by Roderick is the P-E report which asserts 
"It appears that industry has neither a clear nor uniform picture of its needs 
in young engineers." 



Expansion of education based on this type of philosophy is fraught 
with problems. Candidates selected from the upper 10% of the ability range 
might be expected to become good engineers after solid on the job training 
under the worse circumstances despite their basic education and problems such 
as over-training leading to frustration and job dissatisfaction (on which 
evidence is now available overseas) can only be magnified by expansion of the 
present philosophy. The lessons following the expansion of degree courses in 
the U.K. (and the consequent (?) decrease in the H.N.C. enrolments) culminating 
in the Swann report - essentially an enquiry into problems (at the time) of 
persuading 'pure' scientists to enter industry, have yet to be considered for 
their potential applicability in Australia. 

One senior departmental head recognised the danger and states "Most 
courses in tertiary institutions do not set out to train 'civil -engineers' - 
they are presumably doing something much more esoteric - in such a case I 
presume 'clinical' experience is irrelevant." 

Most of the C.A.E.'s claimed to produce graduates (or dlplomates) 
immediately useful to industry but some qualifications were made, e.g. "Course 
aims at developing students ability to the point where they will have gained 
sufficient expertise to be immediately useful. Nevertheless, they will need 
to learn the particular techniques and procedures adopted by their employers 
since It would be impossible in the time available to expose them to many 
differing aspects of 'practice'". 

Little difference was noted between the answers obtained from the 
universities on the C.A.E.'s, perhaps not surprising In view of some of the 
earlier connents. 



- k - i- I *i* v.^j«.wkx w ,„fcw t.wwej. 'via i.A,om i.ne toiiovliig institutes of 
Technology : Gcrdon, Capricornia, Preston, Bendigo and Pootscray. 

Some of the published statements on general alms caused some concern 
since berious assumptions appear to have been made. "In formulating this 
submission, the basic aim has been to provide a Degree course of the equivalent 
standard to that of a University thereby* preparing the graduate to take his 
proper place in a creative and demanding profession." 

This citation on the university for support may depend upon statements 
such as that of Professor Roderick. "The preference in some industries has 
been for an engineering education with a strong vocational bias, of comparatively 
short duration but with ample opportunity for students to undertake courses 
part-time or on a sandwich basis. The same industrialists have supported 
diploma courses .... This has implied some criticism of the four year 
engineering courses given in the universities, namely that they were producing 
a type of engineer more concerned with the discovery and expansion of knowledge, 
than with the application of knowledge to the solution of practical engineering 
problems. Moreover, against this criticism must be set the fact that for many 
years past about 90% of the universities' output has been entering the 
profession to become successful practitioners." 

A further defence cited by Roderick is the P-E report which asserts 
It appears that industry has neither a clear nor uniform picture of its needs 
in young engineers." 

Expansion of education based on this type of philosophy is fraught 
with problems. Candidates selected from the upper 10% of the ability range 
might be expected to become good engineers after solid on the Job training 
under the worse circumstances despite their basic education and problems such 
as over-training leading to frustration and job dissatisfaction (on which 
evidence is now available overseas) can only be magnified by expansion of the 
present philosophy. The lessons following the expansion of degree courses in 
the U.K. (and the consequent (?) decrease in the H.N.C. enroliTients) culminating 
in the Swann report - essentially an enquiry into problems (at the time) of 
persuading 'pure' scientists to enter industry, have yet to be considered for 
their potential applicability in Australia, 

One senior departmental head recognised the danger and states "Most 
courses in tertiary institutions do not set out to train 'civil engineers' - 
they are presumably doing something much more esoteric - in such a case I 
presume clinical' experience is irrelevant." 

Most of the C.A.E.'s claimed to produce graduates (or diplomates) 
immediately useful to industry but some qualifications were made, e.g. "Course 
aims at developing students ability to the point wherp they will have gained 
sufficient expertise to be immediately useful. Nevertheless, they will need 
to learn the particular techniques and procedures adopted by their employers 
since it would be impossible in the time available to expose them to many 
differing aspects of 'practice'". 



Little difference was noted between the answers obtained from the 
universities on the C.A.E.'s, perhaps not surprising in view of some of the 
earlier comments. 

Only two universities claimed not to be producing an embryo 
professional engineer. The extremes of the universities views are "No - the 
Intention is to provide the theoretical foundation of civil engineering. He 
then needs a few years of practical experience before reaching full professional 
status. Practical training periods during the course are aimed mainly at showing 
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The general project whlwh appears la some detailed curricula 

(accounting for 1/3 of the 4th year in the Bendigo degree course) api>ears the 

best opportunity to acquire soxoe of Che wider aims and to lend itself best to 
less classical inethods of evaluation. 

Among the universities the oiobi iuteiesting response to this question 
was given by the University of Queensland which offeis the following prograoane. 

1st Year (a) A course of engineering In history subdivided into 

1) the developiaent of engineering 

2) engineering and the environment 

3) engineering for the future 

(b) A 27 hour project e«g* turning pollution into profit 
4th Year (a) 40 hour project, for exantple 

1) the impact of major dam construction on the local 

community 

2) compensation for freeway resumption 

(b) Individual seminar on subject with social implications 

Examples cited by Home and Wise indicated some deviation from the 
standard mass lecture situation particularly in the smaller colleges and also 
some modification of the former emphasis on end of year examinations* We were 
a little disturbed to find in one detailed deg e proposal kindly sent for our 
consideration by a college clearly in the forefi at of civil engineering 
education, specific subject objectives listed in most cases under the headings 
knowledge, abilities, ppreciation* interest followed by statements such as 
"assessment will normally be by final examination of three hours. Satisfactory 
tutorial and practical %rork during the course will be a condition of eatry^ to 
the examination. Other tests may also be given." 

In another subject the methods of assessment stated (a dangerous 
procedure to adopt!) appeared to contradict in part some of the objectives 
listed under appreciations and attitudes. Other subjects appealed to be more 
realistic and assessment coiild be made on exercises alone ^ a final examination 
or a combination of both. 

Clearly the relationship between the objectives explicit and implicit » 
the methods of teaching and evaluation procedures in civil engineering in 
C.A.E/s would be a profitable area of study « 

9.3 COMTENT - Engineers 

Five areas of specialisation basic to all civil engineering problem 
and projects - structures, materials » soils, hydrodynamics, and systems have 
been identified by the Massachusetts Institute of Technology^ U.S.A. (MIT). 
The popular notion that the important problems are not technical » but are social t 
economic, or political is also dismissed by this institute. The MIT view is 
that the fundamental responsibility of the civil engineer is to ensure technical 
excellence for if this is not done he will lose the respect of other professions 
and the public. 

Toakley'^ and Brotchie take up this point miade by MIT on systems. In 
a paper entitled ^'Engineering Education - the Relevance of Systems Studies*^ 
Qiirhich deals mainly with the systems approach and utilises mathematical models , 
Boco^uter simulation^ critical path and PERT techniques. The authors say that 
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(b) Individual seminar on subject with social implications 

Examples cited by Home and Wise indicated some deviation from the 
standard mass lecture situation particularly in the smaller colleges and also 
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realistic and assessment could be made on exercises alone, a final examination 
or a combination of both. 



Clearly the relationship between the objectives explicit and implicit, 
the methods of teaching and evaluation procedures in civil engineering in 
C.A.E.*s would be a profitable area of study. 



9*3 CONTENT - Engineers 



Five areas of specialisation basic to all civil engineering problras 
and projects - structures » materials* soils* hydrodynamics * and sjrstems have 
been identified by the Hassachusetts Institute of Technology* U.S.A. (MIT). 
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that the fundamental responsibility of the civil engineer is to ensure technical 
excellence for If this is not done he will lose the respect of other professions 
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Toakley^ and Brotchie take up this point made by MIT on systems* in 
a paper entitled "Engineering Education - the Relevance of Systems Studies'^ 
which deals mainly with the systems approach and utilises mathe«tiatical models* 
computer simulation* critical path and PERT techniques. The authors say that 
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+ Toakley* A.R. and Brotchie* J. P. Civil Englnoeving Transactions* The 
Institution of Engineers* Australia* October 1971* pp. 96-99. 
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how ta^' eujiineering tneory ib appiieU. ihoy are not intended to provide 
protosriional experience." (Note - 40 working, davs experience required from 
each student - more than itost C.A.E.'sI). 

"Yea - our course goes beyond a studv of theoretical principles and 

s«ekd to expose the students to practical problems This would not be 

our sole objective." (AJj months of practical training in addition to 3 weeks 
" ^ervised workshop training required from all students - more than all but 
four of the C.A.E.'s). 

In addition to being influenced by direct or implied comparison with 
the universities the courses in the C.A.E.'s are influenced by the requirements 
real, inferred, or imagined of the Institution of Engineers, Australia. One 
head of school was quite blunt "The main aim is to produce graduates acceptable 
to the Institution of Engineers, Australia, without which they cannot be 
Professional Engineers * . " 

All other handbooks made reference to the Institution and one college 
sent a copy of the basic educational requirements of the Institution alongside 
Itw own aims and objectives. The real Influence of this body through the 
immediate bias of its own members and indirectly thro"<jh reciprocal arrangements 
with other bodies (e.g. the Council of Engineering In.wltutlons in the U.K.) on 
the implicit aims of civil engineering curricula cannot be overemphasised. 
Thib influence will be discussed in more specific detail in the following 
section on the content of civil engineering courses. 

It Is common practice too frequently in educational Institutions to 
have esoteric aims which are clearly negated in the .methods used for student 
teacning assessment and evaluation. It is difficult to teach 'subjects' 
associated with practical and individual cnoice by means of mass lectures 
followed by standard paper and pencil examinations. In cur survey of this area 
we relied heavily on the recent work of Home and Wise together with such other 
material as we could glean from college handbooks. Some direct evidence was 
obtained from answer to the question 

in tne course what components, if any, are included to cover 

"(5) professional rebpoiisibiliuy material related to the social 
etfar.ts of engineering decision." 

This quotation was borrowed from "Basic Requirements For A 
Piotcssional Engineering Course" Journal of the Institution of Engineers 
i-iarcn 1971 since it was 

(a) at least in theory an essential component of any recognised 

course 

(b) it allowed opportunity to demonstrate novel teaching procedures 

beyond the usual factual recall of low level cognitive skills 

The extent of enforcement by the institution and the breadth of 
interpretation of the non basic science section of the regulations (see 
earlier quotation) deserves comment. Two colleges made no provision for this 
area of current popular concern and a further head of school "unable to locate 
the statement" believed that material used in the final year of design studies 
was relative to social effects. Most departments cited lists of subjects 
ranging from aesthetics in Engineering to a specific subject professional 
practice and Including psychology, management, sociology and liberal studies 
but two pertinent comments were made, "Staff are asked to address themselves 
Q to this aspect throughout the course." 

ERIC 

4 . 'Substantial J but not in a single course. That would be regarded 
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four of the C.A.E.'s). 

In ^addition to being influenced by direct or implied comparison with 
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real, inferred, or imagined of the Institution of Engineers, Australia. One 
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to the Institution of Engineers, Australia, without which they cannot be 
'Professional Engineers'." 

All other handbooks made reference to the Institution and one college 
sent a copy of the basic educational requirements of the Institution alongside 
itw own aims and objectives. The real influence of this body through the 
immediate bias of its own members and indirectly through reciprocal arrangements 
with other bodies (e.g. the Council of Engineering Institutions in the U.K.) on 
the implicit aims of civil engineering curricula cannot be overemphasised. 
This influence will be discussed in more specific detail in the following 
section on the content of civil engineering courses. 

It is common practice too frequently in educational institutions to 
have esoteric aims which are clearly negated in the methods used for student 
teacning assessment and evaluation. It is difficult to teach 'subjects' 
associated with practical and individual cnoice by means of mass lectures 
followed by standard paper and pencil examinations. In our survey of this area 
we relied heavily on the recent work of Home and Wise together with such other 
material as we could glean from college handbooks. Some direct evidence was 
obtained from answer to the question 

In tne course what components, it any, are included to cover 

'•(5) professional reapouiiibility material related to the social 
etftii^ts of engineering decision." 

This quotation was borrowed from "Basic Requirements For A 
PiofcSHioual Engineering Course" Jounial of the Institution of Engineers 
'ifUcch 1971 since it was 



(a) at least in theory an essential component of any recognised 

course 

(b) it allowed opportunity to demonstrate novel teaching procedures 

beyond the usual factual recall of low level cognitive skills 

The extent of enforcement by the institution and the breadth of 
interpretation of the non basic science section of the regulations (see 
earlier quotation) deserves comment. Two colleges made no provision for this 
area of current popular concern and a further head of school "unable to locate 
the statement" believed that material used in the final year of design studies 
was relative to social effects. Most departments cited lists of subjects 
ranging from aesthetics in Engineering to a specific subject professional 
practice and including psychology, management, sociology and liberal studies 
but two pertinent comments were made, "Staff are asked to address themselves 
to this aspect throughout the course." 

"Substantial : but not in a single course. That would be regarded 
in the same light as religious instruction is sometimes regarded in state 
schools. 



The sense of professional responsibility has to be Imbued at all staaee 

in the student's progress thru his course; he has to meet this consideration — 

whenever he is posed a design problem - otherwise the exercise becomes very 
sterile indeed." 
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because of the general at^plic^biiit> ut t ht ceciuuiiuos ilu y may be used as 

a core for the curriculum providing j Ci>inmiui basis for study ana cuaimuni cat ions 

among the various disciplines. 

The position of liber^il btuuit^ in ^.i cn^^ K^.iu^ cuiclculuiu has 
been debated extensively for several deiades. Wood* states that in Austri*lian 
Institutes at best the time allowance foi: this component is less than one- 
third of the average in reputable schools of engineering in the United States 
of America. 

Engineering courses in Australian Universities were discussed by 
Moorhouse,^ Willis & Lavery in four separate but related papers a few years 
ago. Frequent reference occurs in these articles co the requirements for 
professional mecbership of the Institution of Engineers, Australia, and the 
effect this has on engineering courses in Australia. Willis refers to work 
carried out by Gerstl and Button in the U.K. when nearly 1000 professional 
mechanical engineers were interviewed to try and ascertain the usage of various 
subjects, the criterion being used more than once in five days. They •il^o 
sought the opinion of those engineers on the ideal course of study. Gerstl^ 
h Hut ton conclude that there should continue to be an emphasis on mathematics 
and mechanics, but the traditional technical curricula should be pruned in 
favour of broadening the education of engineers in communication and liberal 
studies, particularly human behaviour. Willis adds that these conclusions are 
generally sound, but would like to see every student study one of the 
traditional core subjecti. for a sequence of three stages. 

>^ Moorhouse in his paper entitled "'General Survey'' quotes as he terms 
it "the gloomy comment of one Australian Professor of Engineering who remarked 
to an English colleague that his main problems in Australia were: (1) 
convincing his university that engineering was worth having as a faculty; and 
(2) convincing industry that engineering graduates were worth employing.'' To 
these may be added (says Moorhouse): (3) convincing the general public and 
many of the families ft.>m which students come that engineers use their minds 
rather than their hands in their work. The perturbing effect of this latter 
comment on curriculum content is important. 

In 1968, well after the appearance of the Martin report on the 
future of Tertiary Education in Australia, and after an intense period of 
discussion internationally about the best sort of training for engineers^ all 
of which had impact locally » Vallentine** in a paper entitled ''Engineering 
Education at the University" concluded, rather sadly, that "Australian 
Universities providing facilities for the education of engineers are slow to 
adjust to their responsibility of recognising the changing role of the engineer 
in society. Unless, and until their courses are broadened, made more flexible, 
less onerous and more generally attractive to the cream of intelligent young 
people, the quality and quantity of their output will not keep pace with the 
requirements of the nation* 



* Wood, J.F.D. "The place of liberal studies in Engineering Education", 

Journal of the Institution of Engineers, Australia, April-May 1969, pp. 67--71. 

-f Engineering Courses in Australian Universities 

(1) General Survey, C*E. Moorhouse 

(2) Electrical Engineering, C.E. Moorhouse 

(3) Mechanical Engineering, A.H. Willis 

(4) Civil Engineering, J.H. Lavery 

The Australian University, Vol. 2, No. 3, November 1964, pp. 241-294. 
"V Gerstl, J.E. & Button, S.P. "Engineers - the Anatosy of a Profession", 



tnira ot tne average in reputaDxe scnooxs ot engmeerxng xn cne uniiiea states 
of America. 

Engineering courses in Australian Universities were discussed by 
Moorhouse»^ Willis & tavery in four separate but related papers a few years 
ago. Frequent reference occurs in these article^ to the requirements for 
professional membership of the Institution of Engineers, Australiat and the 
effect this has on engineering courses in Australia. Willis refers to work - 
carried out by Gerstl and Button In the U.K. when nearly 1000 professional 
laechanical engineers were interviewed to try and ascertain the usage of various 
subjects, the criterion being used more than once in five days. They ^Is^, 
sought the opinion of those engineers on the ideal course of study. Gerstl^ 
& Hut ton conclude that there should continue to be an emphasis on mathematics 
and mechanics, but the traditional technical curricula should be pruned in 
favour of broadening the education of engineers in communication and liberal 
studies » particularly human benaviour. Willis adds that these conclusions are 
generally sound , but would like to see every student study one of the 
traditional core subjects for a sequence of three stages, 

Moorhouse in his paper entitled "General Survey" quotes as he terms 
it *'the gloomy comment of one Australian Professor of Engineering who remarked 
to an English colleague that his main problems in Australia were: (1) 
convincing his university that engineering was worth having as a faculty; and 
(2) convincing industry that engineering graduates were worth employing." To 
these may be added (says Moorhouse): (3) convincing the general public and 
xaany of the families £iv>m which students con^ that engineers use their minds 
rather than their hands in their work« The perturbing effect of this latter 
comment on curriculum content is important. 

In 1968 > well after the appearance of the Martin report on the 
future of Tertiary Education in Australia^ and after an intense period of 
discussion internationally about the best sort of training for engineers » all 
of which had impact locally, Vallentine** in a paper entitled ''Engineering 
Education at the University'* concludedt rather sadly, that Australian 
Universities providing facilities for the education of engineers are slow to 
adjust to their responsibility of recognising the changing role of the engineer 
in society. Unless » and until their courses are broadened » made more flexible , 
less onerous and more generally attractive to the cream of intelligent young 
people, the quality and quantity of their output will ni j keep pace with the 
requirements of the nation. 



* Wood, J.F.D. "The place of liberal studies in Engineering Education**, 

Journal of the Institution of Engineers, Australia, April-May 1969, pp* 67*71. 

^ Engineering Courses in Australian Universities 

(1) General Survey, C.E. Moorhouse 

(2) Electrical Engineering, C.E. Moojchouse 

(3) Mechanical Engineering, A.H. Willis 

(4) Civil Engineering, J»H. Lavery 

The Australian University, Vol. 2, No. 3, November 1964, pp. 241-294. 

^ Gerstl, J.E. & Hutton, S.P. ^'Engineers - the Anatomy of a Profession", 
London, Tavistock, 1966. 

** Vallentine, H.R. '^Engineering Education at the ^Irilversity**, The Australian 
University, Vol. 6, No. 2, Aug. 1968, pp. i81-2li. 



We app&uc to be ci*i.taing en^^itw^^rfi. ioir Ci*e iaai-ediate present^ if 
not for the pa»t. dowev^iTs cwuay's gr a-iaces wxlx be competing for inanagerial 
positions tweucy yt^asrs ni?nc» , and therefcre our current decisions in 
engineering education ^noula cake into account, as far as can be predic&ed, 
the requirements of che aexc ^euert^tion." 

The Content oi So>^c C>A>^. Couroes 

An analysis of caq ci.^>ioiua ai.u degree courses at Bendigo and a 
comparxson witn cr*e ^eg^rea cuu^rse at >iwiiooume a^id Monasli universities was 
supplied in a prograju^ie sui:4*aary lect^xved fro»a Z;endlgo» This analysis was 
continued but using slightly uirferen*. criteria and the results are shown in 
Table 9.3. i. 

Table 9>3.1 > Curriculum Content Analysis 

Degree Dip. Dip. Dip. Dip. Degree Degree Degree 
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* .Ss caiculatea l>y benaigo asia/, Llwir criteria ror classlf Icatioa of subjects. 
Our c i assitio^tCij.i was ou.»3d uix ossessraent of the classification patterns 
aec by all die ir.sti tu£io»;'a. i?'oi comparison the self classification of 
Bendigo for the cie^^ree is shown in coluun (2). It was not possible to 
analyse the MelDoume aua Honash curricula from the couiposite data supplied* 

The folluM^ing coaipaLlsoti is «aadi? betweeii the Bendigo progranmies and 
those offered by cr.e Victorian Universities. 

"It can be seen uhac a muca greater liberal studies content is 
envisaged than at Victor iaii Universities, and the practical bias of the course 
is underlined by the greacer j)reportion of time devoted to civil engineering 
applications, while siili retaining a solid foundation in the basic and 
envineering scie-'ces." 

What justification exists for the components specified? 

College- nave aa an external constraint the need for their courses to 
satisfy the basic requirements for a professional engineering course established 
by the Institution of i2ngineers» Australia, not only for the direct benefits of 
'graduate' membership or the institution but for the salary benefits following 
such membership. Stateiuents such as ti4e following appear in all of the 
handbooks examined. 

"The Diploaa in Civil Engineering ad«dts the engineer to 'graduate* 
O . membership of the Institution of Ea&iiteers, Australia, and thus enables 
ERJC graduates to be classified as *q» aified engineer* under the Australian 
' " Professional Engineer's Awarii for salaries" (these salaries were cited bv two 



uAfe Content of Some C.A.E. Courses 



An analysis of the oiploiua and degree courses at Bendlgo and a 
comparison vith the degree course at Melbourne and Monash universities was 
supplied in a progranuue suiaaary received from Bendigc . Ti<ls analysis was 
continued but using slishcly aifferenc criteria auU cue results are shown in 
Table 9.3.1. 
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* As calculated by btnaigo a&iag their criteria ror classification of subjects. 
Our cifiissifijacio.i was oa^^^d on aa ossesstaent of the classification patterns 
uiet by all tUa i^vs tit at iiu/s* iroi comparison the self classification of 
Bendlgo for the ce^jree is ahown in coiuiun (2), It was not possible to 
analyse uhe Melbourne a^a Monash cuirricula from the coutposite data supplied. 

The following comparlsoii is iOade betweeu the Bendlgo programmes and 
those offered by tne Victorian Jniversitxes. 

''It can be seen uaac a maca greater liberal studies content is 
envisaged than at Victorxaxi universities, and the practical bias of the course 
is underlined by the grcacei: preportion of tiioa devoted to civil engineering 
applications^ ^'ixle sriii. retaitning a soiia foundation in the basic and 
envineering sciences." 

What justification exists for the components specified? 

Colleges have as an external constraint the need for their courses to 
satisfy the basic requiretsencs for a professional engineering course established 
by the Institu lDn ol .Engineers, Australia, not only for the direct benefits of 
^graduate' membersnxp ol the xasiricucion bat for the saxary benefits following 
such lambership. Skiaceui^ncs such as tno folxowing appear in all of the 
handbooks examined. 

"The Dipioisui In Civil Engineering ad*ai£s the engineer to 'graduate' 
meiabership of the In5t:icuuion ol ^ia^iueers, Australia^ and thus enables 
graduates to be cl£.ss-*.irieu aci \waiifleii engineer' under the Australian 
Professional Engineer's Awaru xor salaries** (tnese salaries wer<t cited by two 
institutes) . 

Wood is co.^ce4V*ea . *:aci iMiTi^.^eace k.f the professional institution on 
the curricuia of ta^ .ai^jxcuua^ --..a Siracet^ "it Is niiich more important both for 
the scuden co^44.e^v.ea aaa Zox jhe c.oMk^\xcu :y that dxploma courses should be 
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designed to suit the ability of tte Majority of students entering thera and 
the general requiresents of eaployt rs." 

Home and Wise descrifte in detail the process which must be folloveu 
for course accreditation and this will not be repeated here. They also report 
that "Interviews %rith engineering staff in all states revealed that there was 
dissatisfaction %rlth aspects of the accreditation procedture. If accreditation 
of courses is as iaportant as the staff had been led to believe it was, then, 
to thea, the actual inspecticm appeared superficial. In oany instances travel 
tiaetables, rather than educaticmal issxies, governed the extent of discussions. 
It was often stated by staff that the inspection teas which invariably consisted 
of aembers of university staffs, appeared to be unprepared to accept the view 
that the colleges could have different approaches to those of the univers.'ties." 

"Discussion with IE (Aust.) officers revealed that the nu^er of 
hours of classes in various areas of a course appeared to be an is^»ortant 
criterion in granting accreditation. Pushed to extremes, this approach can 
reach absurd lengths, as for exaaple, in one college in which a criticisn was 
aade by an inspecting group of the *^articular course that it contained only 
495 hours of 'basic science* which was below the ■inlM of 500 hours previously 
proposed. '* 

In our much more limited correspondence with institutions we received 
some similar comments concerning the influence of the institution on curriculum 
content. 



Detailed examination of some curricula sent to us revealed some 
interesting results. One college stated quite clearly in its mathematics 
curriculum "The emphasis in the first two years is on mathematics which Is 
actually utilised in other subjects, and which maj b'i utilised in later years 
in industry. Mathematics 3 contains selected topics which the Degree student 
aay find useful in advanced courses of study. By collaboration between the 
staff of the Mathemati::s and Civil Engineering Departments, it is intended 
to relate mathematical techniques directly to the solution of civil engineering 
problems whenever possible." 

How can one reconcile the highly desirable sentiment of the latter 
part of the paragraph (the \:orrelated' curriculum pattern) with the statement 
in the first part. The Institute of Engineers in its official statements 
concerning the increase in the minimum course length for recognition to four 
years by 1980 merely states "The developments which are taking place in science 
and technology and the necessity to provide adequate time for private study, 
individual effort and meaningful vocation experien<» are such that within a few 
years a course (full-time) of four years duration from siatriculation will be 
the absolute minimum required to attain a sufficient standard for b professional 
engineer." 



To satisfy the criterion of 'Breadth* under the current regulations 
the equivalent of two years {^ot necessarily the first two) should be spent on 
basic scientific and mathematical material appropriate to en§ineering and general 
engineering alienee material. 

Why are these additional academic subjects finding their way Into 
longer courses perhaps at the expense of Integrated training experience. Are 
courses designed as stated earlier by the head of one school for ends much more 
esoteric than the production of professional civil engineers. To what extent 
are the universities to blame either directly or by their claimed influence on 
the Institution. Perhaps a meeting of all parties concerned could resolve some 
of the issues. 

Since the C.A.E. *8 are responding to the demand for more basic science, 
taaiglneering science, and liberal studies* it aay be desirable to consider the 
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In our much nore llaited correspondence with institutions we received 
soae siiBilar coaa^sts concerning the influence of the institution on curriculua 
content. 
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interesting results, (kie college stated quite clearly in its natheaatics 
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actually utilised in other subjects, and which nay be utilised in later years 
in industry. Matheaatics 3 contains selected topics which the Degree scudent 
nay find useful in advanced courses of study. By collaboration between the 
staff of the Matheaatics and Civil Engineering Departaents, it is intended 
to relate aatheqatical techniques directly to the solution of civil engineering 
prc^leas whenever possible.*' 

How can one reconcile the highly desirable sentlaent of the latter 
part of the paragraph (the Correlated' curriculua pattern) with the stateaent 
in the first part. The Institute of Engineers in Its official stateaents 
concerning the increase in the ainiaua course length for recognition to four 
years by 1980 aerely states "The developaents which are taking place in science 
and technology and the necessity to provide adequate tiae for private study, 
individual effort and aeaningful vocation experience are such that within a few 
years a course (full-tiae) of four years duration froa aatriculation will be 
the absolute ainiaua required to attain a sufficient standard for a professional 
engineer." 

To satisfy the criterion of 'Breadth' under the current regulations 
the equivalent of two years (not necessarily the first two) should be spent on 
basic scientific and aathenatical aaterial appropriate to engineering and general 
engineering <^2ience aaterial. 

Why are these additional acadeaic subjects finding their way into 
longer courses perhaps at the expense of Integrated training expeiience. Arc 
courses designed as stated earlier by the head of one school for ends nnich aore 
esoteric than the production of professional civil engineers. To what extent 
are the universities to blaae either directly or by their claiaed influence on 
the Institution. Perhaps a aeeting of all parties concerned could resolve soae 
of the issues. 

Since the C.A.E.'s are responding to the deaand for aore basic science, 
engineering science, and liberal studies* it aay be desirable to consider the 
evidence available for their usefulness. Clearly much (how auch?) of the for^r 
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is neea^a as a basia ior tae urderscanoirig of cechrologlcai developments. 
There Is an iinpi •.C2*c:.on nowwer that some is included because of the greater 
critical cnlaici.:^ au .ii.y, Leal beh.ivlour, adapcabiiity these basic subjects 
proouce. Vae cheoretica.^ foa*iiacioa for ciixs type of basic science - liberal 
studies approach, however, resLs substanliaily on discounted theories of mental 
discipline aiia crausfer of ti^aiiuag. lixplici.,: refen^nces were found in raany 
curricula co the fcl^owin^^ cii:u:i^ siuiili*r aims were iuiyiicic in other statements, 
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Aa-il^cy ^0 appxy cc^e c.)ove A*xv:)v^<w*d^^ to ^^iTi.Dlein solving" 
"The ab-^liuy co apply Lav* a..*v. ^rluc ^ I'o v.-r^i..Lee. ia^^ problems" 

"Aoixicy CO a^vp^y fuac^^iL^^a*:. x pi i.ucii>4. a^^w pL'oaleuis" 

For liberal studies : 

"An increase in critical judgment » flexibility, creativity, tolerrnce and 
sensitivity to the respoase of others and to ethical and aesthetic values** 

For iihe technolog y: 

"/u ^i.^uijc c^i. Ca. LUwiciS ^o^^cc^*. Li/xniCia^ UA*ic». ulc Iho. actiribates of the 
proiciSci 4.oaal" 

Inuaa coulu oe wr^cc^a Ji. ei'Ject carricuium content may have in 
acnievia^ chc^e more gerieial jraaSi.'e*:ajle c^im& but the essence is contained 
in tiie io^^ov/Xi* -i '.^^^ccai^^uas : I^ tua 'i'ana (roru*er) v^iXpert in Curriculum 
Deve-LOpc.cn J a.e u.S,*fi. '^'ii.e idea c/.ai: cue study oi certain subjects assures 
a generax ar*a awCCii-aCiC Lrc^ai^Jei , x^i ytiil alive ccciay. It's evident In certain 
proposals for ^ae scuay arcs aa uhe uiec^us for developing the 

intellectual aiia spir^tuax pov/^rb of ijc^a ^rre^; leccive cu* how Lhey are taught." 
D,K* Wheeler K^rA'ject la Cur r ^cul^^ili .;evc*lo;:)irie: j ia I/. A. '^Far too often the 
elemeaL of parp^se Xw xeai'i^irg is forgoLcen a/:c tne subject itself is invest'^d 
with a inystir^ae and wita powers uaac are cocaljy unjustified. Usually this 
kind or claim r^i^cs upca Uja.. facali^y p^yciioiogy and fortaal d3\3clpline, or 
misconceptions aooui tact nature i:ransfer; as a result it is claimed that 
some subjects have ^^reacer puver tu train uhc mind then others, Tnis leads co 
the idea ir^ai each oc L^aesij: sui:}j^ci.z^ h^s its cum logic, and that study of the 
facts will no. only revaal uaat xugJc, bu" r.o.uenow enable iu to be assimilated 
and appiiad by the lean^a-r. In. soiad ui/siiicai way the sub'ject produces mentaT 
disclpilue^ lrr^::;pect:-Lvfci of tUt^ u*c'i:ftou5 asev* in learning it; expose the 
learner co tc^ti fads aaa ^ecnv^u.'*.,, aud ne u^ix grasp the essentials and make usfc 
of theni exsewnere/' 

Tnecie uua^OjTs wouj.c i*av.-- atr* belie\re ci.at transfer is possible providing 
the ::4*achlng piTocedures are app^'opriate. riorne and Wise state that small group 
teaching mechods were usod In ^;arc: in inost C.A.E.'s and examination of detailed 
curr-tculci obtained froiu bcverax mastications confirms this view* Preston 
Institute £o ; exaUipie xi.sts Uae ^:eachi*i^ methods used la the attaintkent of their 
objectives wnich raa;je from w standard leciiure lo seminars- If these 
arguiiteats a.ce vaj^la perhaps c^ ua j.^ t j Ox teacning wt.lch caiinot De measured by paper 
sumiaacion oc cota.. ^uuutj^i. ui a..uro or a cursory laj^pection visit ought to be 
added co tae rei:,u:i.r«*Lieni:s oi ureadtn ur^u ae^'^zn currc^ntly cieiaanded by the 
Instltur.xon o2 En^x.^eers ic tai& boay is cha majo*: in/iuencc on curriculum 
development . 

Aaaabel ti e Aiu.iric^ia p.^ycno legist howaver is Hiuoi more pessiniistlc 
concerning ere cransfer of ar.owl.^a^^e anJ processes irrcHpectlve of how they are 
taught. ''critical chiatc^ag x^ty caa ae eriL^anced only witiiin the context 
^ of a hpeclfic disclpj^iue, Grc,aa ^ara*-e^ies oi aiscovery, like scientific 

ERXC method, do aoc seeai to be ura-tsi^raoxc- across disciplinary lines - either when 

b™^™ acquired wi:hia a g^ven dxsc^,>xine, or when learned in a more general form 



curricula to the following aims» similar aims were implicit in other statements. 

For rae scie.Aces (L>urfc: ai^d apjg^iiaa ) : 

"Ability CO apply cm above ii^iowiedgt^ to problem solving" 

"The abiliuy co apply t.ie acov: ^^cluc i To er^i k-v^:' ui^, problems" 

"Aoii-iiiy Cw,» a,>iiiy i;uA;GLiLi*n;:..^ pi'iuClt^jLJrs Co i"4^n^ pirojleais" 

For liberal studies : 

"An Increase in critical judgment, flexibility, creativity, tolerrncc and 
sensitivity co the respo^ise of otherb and to ethical and aesthetic values" 

For the technoloj^V ? 

"To i^iiuact- c^ctxcuues of j^ogiccii ti xriiCi..ivr UiiicL are the atcribates of the 

>iu<;*i coula 0*2 wricLcii o\\ cU^.* ci'^ect ^arriculum conteni: may have in 
acnievirici ch^oe uiore general ^raxis 'e^ii^rjle aims but the essence is contained 
in tiie LO.L.lo\<±,^^ quccacj-oas : vlii. caa Tai^c^ (lornkor) expert in Curriculum 
Deveiopn.cnc iii the U.S,4^. '^T^e idee, cliac cue sCuciy certain subjects assures 
a generax ai^ci auucu^cic craayJei^ xs still alive coaay. It's evident in certain 
proposals for cue scuay ij.-e.:.ix ar^s ai; ch^ luec^iis for developing the 
intellectual ar»a spirxtuax poy.v^rs cf »i]c*u ^rx-^iriecclve oc how chey are taught •" 
D.K. V>rheeier expert Cui'r:.cuiahi i^eve:i.o mcnc IJ.A. **Far too often the 
elemenw of yarp^/se -LeaiTiiing is fargoLcen c.;;u tae subject itself is invested 
with a mystique and witn powe.-s caac c-ire coualiy unjustified. Usually this 
kind o: cia:;.m x^scss upcu id^a.v o^.' racal^y p^yciiology and fomuil discipline, or 
misconceptions aoouc ti\c± naLuro of craasiei-; a-; a result In is claimed that 
some subjects have greacer pover to train che inlnd then others • Tliis leads to 
the idea cnat each of cfie*;ic suDjccwS has its own logic, and th.^t study of the 
facts will HOC only reveal caat xo^ic, but: sorueriow enable ic co be assimilated 
and applied by Uae xcan:.;?r. In soiue ui/iicicai way tho subject produces mental 
discipiirie -Lrreapect-*.ve: of tac^ j^e^huus use^ in learning xt; expose the 
learner co toe tacra aad i^^eca^uH^ aiid he will grasp the essentials and make use 
of them eisewaere." 

Tnese aucaOiTS wouia 'iuV..' ur. balle/e Ci.at transfer is possible providing 
the Lit^aching procedures a*:e appr^v^i^^ ^e . norne and Wise state that small group 
teaching mechody were used in ;.arc in laost C-A.E.'s and examination of detailed 
curr^LCula obtained from several xast i izacions confirms this view. Preston 
Institute for exauiple xists tne teachiag methods used ia Che attainment of their 
objectives wnich range froia l ie staiidard iecture jo seminars. If these 
arguments are va:i.ia perhaps ^^l iL^^tj oi teacniag wt.Jch cannot De measured by paper 
summac-Lon cotai n'j^aoKt;: of u.yucii or a cutbory las^ticr/ion visit ought to be 
added co the re^uireucncs oi ^ifLadua and aepcn currently demanded by the 
Instituciori o2 En^iaeers 1l zais bocy xs the n*ajOj.' xnfluence on curriculum 
development . 

Auaabei^L t*">e Aiuc;ricaa p3ycnoiog.j.st i^ow^vet: is niacin more pessimistic 
concerning ^ae cransfe*: of .:r.ov;l^age and ^recesses irre.spec tive of how they are 
•taught. **cricical chinx .a^ can .^e eui.anced only witain che context 

Oi a speciicic discipjuiae. Gra.aa ^^cra^^ecjies a/ uiscovery , like scient J f ic 
method, do aoc seeai to i>e cm.L^2^ci^L>\L\f across discip.Linary lines - either when 
acquireu wichia a gu^ven discx^^xiae, or when learned in a mort general form 
apart froui ^pecAiJic subject ...accer concent. This principle has been confirmed 
by countless studies ana it. ij-luscraceu by tne laugnaole errors of logic and 
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judgment committed by distinguished scientists and scholars who wander 
outside their own disciplines. The only kinds of transfer that have been 
empirically demonstrated in problem-solving situations are transfer of 
specific skills, the transfer of general principles, and the transfer of 
general approach or orientation to a specified class of problems. Hence 
critical thinking cannot be taught as a generalized ability; in practice, 
it can be enhanced only by adopting a precise, logical, analytic and 
critical approach to a particular discipline." 

To counter the frequently advanced argument that the greater rate * 
of change today of the knowledge and practice within a technology make it 
essential that more basic principles and underlying theory should be taught 
and less currently useful factual knowledge and practice be taught, since 
such factual knowledge and practice will more rapidly becomi obsolescent. 
Ausubel comments "The argument is also strikingly reminiscent of the 
objection small boys make to the washing of their faces daily, namely that 
they will only get dirty the next day. Obsolence is a fact of life that 
must always be kept in mind; but this does not render futile the 
assimilation of the current content of knowledge, or council exclusive 
attention to the process whereby knowledge is acquired. It merely pre- 
supposes a readiness to revise those aspects of one's knowledge that 
gradually become outdated." 

Further support for the emphasis on the technology component rather 
than the basic pure or applied science component is given by Broudy* an 
eminent American educational philosopher in a discussion of the tenuous links 
between school learning input and its subsequent out of school use. Broudy 
argues We may forget, for example, that high level cognitive function 
involves some replicative and associative uses of learning, and the easy 
dismissal of the learning of facts can be mischievous. One cannot learn 
engineering simply by studying logic and physics . Another undesirable con- 
sequence is that the appllcational use so distinctive of technology will be 
equated with solving problems at the end of the chapter 'n a textbook, or 
going through the predicament - hypothesis - decision routine. Applicatloo, 
however, entails a great familiarity with the phenomena of a given domain, 
together with the technology for translating theory Into operational 
equivalents. Most of us, ovtslde or field of specialisation, do not often 
apply knowledge. Most of what we call application outside our speciality is 
inference by similarity, or suggestive analogy, that is, it is a form of 
interpretation rather than application." 

Clearly more questions ought to be asked concerning the content of 
some C.A.E. courses. Is their main aim now a replication of what is done 
(or said to be done) by the universities? Our studies of current practice 
have shown that much of the 'theory* taught in shorter less sophisticated 
courses of the past decade is not used in industry yet many bitter complaints 
are received from graduates concerning their lack of knowledge of the real 
problems of civil engineering when they enter industry. How they might 
obtain this practical experience in the technology and the effect it might 
have on course length and character is discussed in more detail in the next 
chapter. 

9.4 OBJECTIVES AND CONTENT OF TECHNICIAN COURSES 

Parallel with this activity concerned with the education of 
engineers, much discussion, some of it fevered and confused, has taken 
place on the nature and types of technicians and their education. This 
concern for technician training started in the post-war decade at the time 
of a world-wide shortage of engineers. This shortage no longer exists » but 
*.he subject of technician training remains important due to the emergence of 

ERJC n understanding of the complementary role thy£ technicians play to engineers 
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To counter the frequently advanced argument that the greater rate 
of change today of the knowledge and practice within a technology make it 
essential that more basic principles and underlying theory should be taught 
and less currently useful factual knowledge and practice be taught, since 
such factual knowledge and practice will more rapidly become obsolescent. 
Ausubel comments "The argument is also strikingly reminiscent of the 
objection small boys make to the washing of their faces daily, namely that 
they will only get dirty the next day. Obsolence is a fact of life that 
must always be kept in mind; but this does not render futile the 
assimilation of the current content of knowledge, or council exclusive 
attention to the process whereby knowledge is acquired. It merely pre- 
supposes a readiness to revise those aspects of one's knowledge that 
gradually become outdated." 

Further support for the emphasis on the technology component rather 
than the basic pure or applied science component is given by Broudy* an 
eminent American educational philosopher in a discussion of the tenuous links 
between school learning input and its subsequent out of school use. Broudy 
argues ''We may forget, for example, that high level cognitive function 
involves some replicative and associative uses of learning, and the easy 
dismissal of the learning of facts can be mischievous. One cannot learn 
engineering simply by studying logic and physics . Another undesirable con- 
sequence is that the applicational rse so distinctive of technology will be 
equated with solving problems at the end of the chapter in a textbook, or 
going through the predicament - hypothesis - decision routine. Application, 
however, entails a great familiarity with the phenomena of a given domain, 
together with the technology for translating theory into operational 
equivalents. Most of us, outside or field of specialisation, do not often 
apply knowledge. Most of what we call application outside our speciality is 
inference by similarity, or suggestive analogy, that is, it is a form of 
interpretation rather than application." 

Clearly more questions ought to be asked concerning the content of 
some C.A.E. courses. Is their main aim now a replication of what is done 
(or said to be done) by the universities? Our studies of current practice 
have shown that much of the * theory* taught in shorter less sophisticated 
courses of the past decade is not used in industry yet many bitter complaints 
are received from graduates concerning their lack of knowledge of the real 
problems of civil engineering when they enter Indus tr/. How they might 
obtain this practical experience in *^he technology and the effect it might 
have on course length and character is discussed in more detail in the next 
chapter. 

9.4 OBJECTIVES AND CONTENT OF TECHNICIAN COURSES 

Parallel with this activity concerned with the education of 
engineers, much discussion > some of it fevered and confused » has taken 
place on the nature and types of technicians and their education. Th±e 
concern for technician training started in the post-war decade at the time 
of a world-wide shortage of engineers • This shortage no longer exists » but 
the subject of technician training remains important due to the emergence of 
an understanding of the complementary role that technicians play to engineers 
in today's cechnology based societies. 

During the last decade a number of public: it ions on the subject of 
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iech.i^c. i...u ...eir trailing have appeared in the U.K., which reveal the 
ex:«... or wc.-a wnic^ nad been devoted to establishing some basic guide 
i.i.ued. AS .v-e^uducly ha:>pci - definitions assumed importance at the 
cojiLiOi.ceL..nc o tuo u.^..be^-ai io.is. We had a similar problem and the 
def..u!:ija we everaualiy aaopted and the reasons that led to this are 
given i.a^c;.apciir 4.i. Brxef.y, this was based on the definition prepared 
by Youn^ , oat modii^ied uo include reference to management techniques. This 
al^o Dro^c.y ag.eeu wxt., the separate definitions for technical and business 
tecUaic-^aiiis pro^^osco in Liie fiiislegrave+ report. 

our definition reads - "A person expert in applying specific 
proven tfech/.^c^ues Lssoc^s^teu with science, technology, and management; 
In p^^-c-v:^,-^. o\3 '^hu uus unuiiigone a systematic course of instruction 
reluced CO cu^se *:»ichniques.'* 

Whilst the definition refers to technicians in general, we think it 
can apply to civil engineering technicians in particular. 

A number of important leads for effective curriculum construction 
are found in the Haslegrave report. 

AJter cons^^iejiag the (Question of status and technicians the report 
says wi.a! .vopecc co oo'jQc\.Lveii , para. 24 "the technician is neither a 

superior tr^aei^uiaii, nor a depressed technologist One certain way of 

achieving chis scacus is to ensure that the relevant programnvss of training 
and dducocioa are ' cuscoia-built ' for technicians, deriving neither from 
cratt coursjs 'pius' not- from technological courses 'minus'. The programmes 
must nave cn«-ir owr* integri i:y .." 

The coateut of a certificate course will relate closely to the needs 
of a particular cype of job. An example from an overseas source is provided 
by Young ^p. .16) when cioating wifn the proposed City & Guilds (London, U.K.) 
ConsuruCc.ua Vecmiicians Certificate: "This is intended for those who will 
attain posicioas in work involving silructural detailing and other forms of 
drau>ih.t,-^nsnip, seccmg out, rueastring, taking off, wot* .ng up, material 
scht^Ji,_n^ survtying, eacimauing, inspection, supervision (foremanship^ . 
product 4. ou planning, uicchod s,:udy and quality control. The course is 
comp^amencrry cae National Certificate (U.K.) in which the academic 
requireoiencj are so:, .iac higher, and teaching techniques differen t from those 
used vxch Nacionai C*;rrificate students will needTol>e employed.'" 

rhi^ inr.'icates the type of work that civil engineering technicians 
do. ine iLitec paru peruaps, hints also at a different ratio and type of 
theory ana practical from that ir th-» National Ceirtificate Course. 

l-he Institution of Civil Engineers (U.K.) have presented ideas on 
what type or work tecinicians could do in a pamphlet entitled "Scheme for 
Trair.iag of C.vil Zn^^ineering Techn Lci.»ns". Item 3 states "Trainees under 
the Scheme snouxc eventually oecome technicians in, for example, one (or 
more) or cne following aspects of civil engineering work on site and in the 
of rice: S.^dCi icacions and Reports, Estimating, Bills of Quantities and 
Meas^reui^ac or Worses, Planning and Programming, Surveying and setting out - 
includ.n,, use ol level and theodolite. Drawing Office work (including elements 
Of oesign), Work Study, ^lesearch and Laboratory work. Plant (application) 
sice cost coutro. , Quality control, Traffic engineering. Opportunities exist 
for Tecnuicians witn tne rignt qualifies of leadership and organising ability 
to proceed to becorae iaspectors of works, site agents and to occupy responsible 
positions la management, 

ERJC '^"^^ i.»np:^i cations of tl;e types of work Just mentioned for those con- 
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also broadly agreed with the separate definitions for technical and business 
techaxci-atis proposed in che Ha8legrave+ report. 

Our definition reads - "A person expert In applying specific 
proven tech*iiques associacea with science, technology, and management; 
ifi p^irc. oa.a^ o,.e who has unuei'gone a systematic course of instruction 
relcicei t.o chese »;»»ohniques.*' 

Whilst the definition refers to technicians In general, we think It 
can apply to civil engineering technicians in particular. 

A number of important leads for effective curriculum construction 
are found in the Haslegrave report. 

Ai;ter coaslderiag the question of status and technicians the report 
says wicn lespecc to objectives, para. 24 "the technician is neither a 

superior i:ra£iet.ia»u, nor a depressed technologist One certain way of 

achieving chla szacixs is to ensure that the relevant programmes of training 
and education are 'cuscom-built' for technicians, deriving neiiSer from 
ctatt ccuo^as 'plus' nor from technological courses 'minus'. The programmes 
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ot a particuiar type of job. An example from an overseas source is provided 
by Your.g ^p. .16) when deaxing witn the proposed City & Guilds (London, U.K.) 
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attaiA posxtiuas in work involving struc;;ural detailing and other forms of 
draughLsuiansnip, seeing out, measuring, taking off, working up, material 
schedux.ng, surveying, escimauing, inspection, supervision (foremanshlp) , 
prooucr^on planning, uiethod study and quality control. The course is 
compiamencary co the Watioaal Certificate (U.K.) in which the academic 
requiremencd are somewhat higher, and teaching techniques different from those 
used vj.ch Naciona* Cercificate students will need to be employed." 

rnia inoicates the type of work that civil engineering technicians 
do. me iLLtec pare perhaps, hints also at a different ratio and type of 
theory ana practical from that xn the National Certificate Course. 

The Institution of Civil Engineers (U.K.) have presented ideas on 
what type of work technicians could do in a pamphlet entitled "Scheme for 
Training of C.vil Engineering Technicians". Item 3 states "Trainees under 
the Schei^e snouia eventually oecome technicians in, for example, one (or 
more) or che following aspects of civil engineering work on site and In the 
ofixce: Specitications and Reports, Estimating, Bills of Quantities and 
>Jeasureiuenc of Worses, Planning and Programming, Surveying and setting out - 
including use oi level and theodolite, Drawing Office work (including elements 
of design),, 'Jork btudy, Research :ind Laboratory work. Plant (application) 
sit cost control. Quality control. Traffic engineering. Opportunities eiist 
for ecnnicians wxth cne right qualities of leadership and organising ability 
to pioceed CO become inspectors of works, site agents and to occupy responsible 
positions xn management." ^ "oxi/xc 

^iap:.lc£.tions of the types of work Just mentioned for those con- 
cerned wxtn certxficate course content are clear. 
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In the N.S.W. Technical Education Department the Division of Civil 
Engineering is within the School of Mechanical and Civil Engineering, and 
offers sixteen individual courses t ot which nine are certificate courses ^ 
five are post-certif icate, and two are special courses. 

Certificate courses are Administrative Survey Drafting 

Cartography 
Engineering Surveying 
Hydrography 

Land and Engineering Survey Drafting 

Surveying 

Farm Water Supply 

Materials Testing 

Structural Engineering 

Post' certificate courses are Administrative Survey Drafting 

Cartography 
Engineering Surveying 
Land and &igineering Survey Drafting 
Structural Engineering Higher Certificate 

Special courses are Aciial Photograph Interpretation 

Cartography (full-*tlme) 

The School of Building also conducts two related courses;-* 

Civil Engineering Foremen's and Overseers (Special) 
Building Foreman & Clerk of Works (Part-trade) 

Klauius* of N.S.W. Water Board has examined a number of these 
courses and has suggested a scheme for reducing the number of Civil 
Engineering certificate courses to one, but one with four options - a design 
option^ surveying optis)n, materials option and construction option* By this 
reduction the problems of equalising standards are more easily overcome t and 
curricula can more readily be standardised. Whilst this has no direct 
bearing on course content ^ nevertheless reducing the ntunber of courses can 
lead to an increase in the frequency with which courses are reviewed and 
curricula changes made* 



It would be of assistance In establishing courses If the boundary 
between technician work activity and engineer work activity was more clearly 
defined. Whilst we gathered ideas about this boundary as this study 
progressed t nevertheless it was sufficiently Ill-defined in our estimation 
to justify our seeking the views of twc authoritative panels* These panels 
for technicians and engineers respectively were convened on separate occasions 
and consisted of six carefully selected and representative people from 
government and industry. *Vn account of these two meetings is given In 
Appendix 10. 



From the two meetings it was difficult to conclude where the 
delineation lay. A wide range and diversity of sub-nrofessional/ technician 
staff was engaged in the civil engineering industry* At the technical 
officer end of the spectrum were n^n, who were claimed to be doin^ work of 
a general and broad nature similar to that usually associated with an 
engineer. At the other end of the spectrum, for example, materials testings 
the technician operating the testing equipment was performing specialised 
work of limited and repetitive nature. Construction supervisors did not fit 
into this general spectrum and their work was characterised by a high 
management sklxls contant and clearly defined areas of responsibility, e.g. 
Q Mgh for meu, but more dlffuae for uioney and policy. 

ERLC 

The work of engineers was said to be general In nature and at one 



Hydrography 

Land and Engineering Survey Drafting 

Surveying 

Farm Water Supply 

Materials Testing 

Structural Engineering 

Post-certificate courses are Administrative Survey Drafting 

Cartography 
Engineering Surveying 
Land and &igineering Survey Drafting 
Structural Engineering Higher Certificate 

Special courses are Aerial Photograph Interpretation 

Cartography (full**time) 

The School of Building also conducts two related courses r** 

Civil Engineering Foremen's and Overseers (Special) 
Building Foreman & Clerk of Works (Part-trade) 

Klamus of N.S.W. Water Board has examined a number of these 
courses and has suggested a scheme for reducing the number of Civil 
Engineering certific^»te courses to one, but one with four options - a design 
option, surveying optljn, materials option and construction option. By this 
reduction the prob''3Bis of equalising standards are more easily overcome, and 
curricula can more readily be standardised. Whilst this has no direct 
bearing on courc? content, nevertheless reducing the number of courses can 
lead to an increase in the frequency with which courses are reviewed and 
curricula changes made. 

It would be of assistcnce in establishing courses if the boundary 
between technician work activity and engineer work activity was more clearly 
defined. Whilst we gathered ideas about this boundary as this study 
progressed, nevertheless it was sufficiently ill-defined in our estimation 
to Justify our seeking the views of two authoritative panels. These panels 
for technicians and engineers respectively were convened on separate occasions 
and consisted of six carefully selected and representative people from 
government and industry. An account of these two meetings is givuitt in 
Appendix 10. 

From the two meetings it was difficult to conclude where the 
delineation lay. A wide range and diversity of sub-professional /technician 
staff was engaged in the civil engineering industry. At the technical 
officer end of the spectrum were men, who were claimed to be doing work of 
ft general and broad nature similar to that usually associated with an 
engineer. At the other end of the spectrum, for example, materials testing, 
the technician operating the testing equipment was performing specialised 
work of limited and repetitive nature. Construction supervisors did not fit 
into thi:^ general spectrum and their work was characterised by a high 
managemen- skille content and clearly defined areas of responsibility, e.g. 
tiigh for men* but L-wre diffuse for money and policy. 

The work of engineers was said to be general in nature and at one 
stage of the discussion it was claimed that engineers operating in the civil 
engineering field were generallsts with the abili;y or potential to exceed 
a technician's specialised knowledge and repetitive skill in any existing 
task and the responsibility and skill for the 'breaking in' or the development 



* Klamus, N.G. private communlcatl 
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of new cv^citu^ques oecause oj: their more lengthy training and/or their innate 
abili.y. T.i»i i^pvt^aucc of management skills was emphasised and the member 
uf the {jroLp concerned wxtn construction activities went so far as to say 
that soiiio projucL oui^idgtrs were not trained as civil engineers at all. 

Ab Eaeacioned earlier we found it difficult to define the boundary 
beLweeii cechnician worit acclvity and engineer work activity. The opposite 
ends oi- chc range 04; acLxvicy were clearly differentiated but we concluded 
there was no i.ard anci fast boundary, in fact the region of overlap, or *grey* 
area, waa extensive. 

For technicians therefore it is possible to state aims or objectives 
fairly wtJl but tne establishment of course content is more difficult. As 
for engineers a substantial, altho; gh not necessarily the major, component of 
a vocational training should be related to the job tasks performed later or 
concurrently by the person under training. 

9.5 SEQUENCE 

Much has been written on what should be Included in courses for 
engineers and technicians, on how the various subjects should be arranged, 
how uuch time each should be allocated, and what subjects should be Included. 
Teller*, of tne Cooper Union, New York, U.S.A. claims that "underlying all 
these changes is an assumption - and the validity of that assumption Is open 
to quescion. The accepted hypothesis is that the essential format of the 
currlculuiL is correct; that science and mathematics should precede 
f undaiket--ii^:3 oi eriejineering behaviour, and the latter should precede 
appxxoat^oa; and cnac chis sequence of formal courses is best for the student. 
Buc for whac scuJent? Today's generation may not have the same learning 
psychology ai^J objectives as the preceding generation.'' 

^vLtriJUi^h tae Institute of Engineers specifies content it specifically 
sLact..s tr.&i cne order may be changed. Few systematic studies on the effect 
of cixxerent suuject arrangen^nts on success in vocational courses have been 
reportea In the iit^'cature. In one recent scudy ct an electrical engineering 
certit X c-jce"*" coarse the oiJcr of the mathematics electrical principles 
sequence wat found to be iuportant. 

'i.e.- eiJdCt of various attendance patterns where industrial experience 
cont.^uutfc^ 0 Che ^.earning experience has also been studied overseas. 

9.6 £VA!.u;-iV>Oiv 

Hoaern curricula are subjected to a thorough evaluation before formal 
introduction. This evaluation normally proceeds through two stages. Stage 
one is usualj.y referred to as formative evaluation* * where the units of the 
course are examined for content by experts in the field of study and 
educacionlscs and for 'teachability* by teachers and potential students. In 
stage two sa.^tive^' evaluation, the whole of the course is examined to 
determine wnechet the aims and objectives specified are being attained. This 
proceeds through the application of a series of evaluation Instruments where 
a range of cognitive, affective and psychomotor skills are measured. Although 



Taiier, A.J., l.E.E.E. Spectrum, 4 March 1967, pp. 124-128 
Gilbert, R. private coramunicatlon 

See loc exaicpie studies of Corgrove, S., Sociology (1972) 6, pp. 59-70 and 
J^uoda, .M., The Eaucation of Technolcjjists, Tavistock Publications. London 
1963 



ERIC 



ends of che range of activity were clearly differentiated but we concluded 
there was no uurd and fast boundary, in fact the region of overlap • or 'grey* 
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one is usually ret'erred to as formative evaluation* * where the units of the 
course are examined for content by eiqierts in the field of study and 
educationists and for 'teachability* by teachers and potential students. In 
stage two saiu^cive** evai-uation, the whole of the course is examined to 
detemiine wnechsr the aims and objectives specified are being attained. This 
proceeds through the application of a series of evaluation instrtiments where 
a range of cognitive, affective and psychomotor skills are measured. Although 



* "^aiier, A.J., I.E.E.E. Spectrum, 4 March 1967, pp. 124-128 
+ Ciloert, R. private communication 

f «tfe :->c exaicpie studies of Corgrove, S., Sociology (1972) 6, pp. 59-70 and 
^...ou£., y.., Th6 Eaucacion o^ Technologists, Tavistock Publications, London 

** For an example of formative evaluation of junior science courses see 
A.S.E.P. ^lelboume 

if for an exaiiiple of sumjcative evaluation see the work of Mackay, L.D., The 
rt^tf »,ra4.1a:. Physicist (1970) V, p. 103 
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students are used in the evaluation process the a^m is to test the course 
not the students. 

As far as ve could determine only the fitst stage of the fonaative 
evaluation process was used for the civil engineering curricula studied. In 
particular the content was e:*amined by the Institute of Engineering and State 
Boards (through sub- cooanlt tees) to determine if the content was *good 
engineering^ Amendments to syllabi were frequently made as a result of this 
process. The industrial evaluation of the performance of graduates before 
final approval is given to a college course could be interpreted as one 
aspect of the summative evaluation process. Generally, however, students are 
examined rattier than curricula evaluated and the examination is normally over 
a narrow range of cognitive skills. 

It is also of interest to note that to our knowledge no systematic 
evaluation by industry has taken place of t!ie relevance or suitability of a 
particular civil engineering course to the tasks performed by students In 
industry. 

9.7 SUMMARY 

We have outlined the basic stages of the curriculum process, 
objectives, content, and sequence. We have also commented on the evaluation 
and modification stages although detailed examinacion falls outside the scope 
of this report. We hope that the coii^>lex nature of curriculum development, 
and the large amount of work involved in determining the basis for vocational 
curriculum development, have be.^n made clear. As Valient ine* has said, *'The 
procedure of drafting or revising a professional engineering course by more 
or less democratic procedures in a community of scholars provides an 
enlightening, if drawn-out, procedure.** The problems are much the same where 
certificate courses are concerned. It is now necessary to assemble the main 
features of civil engineering training/education at the engineer and 
technician level, as we see them, and these together with the findings of the 
survey outlined in Chapter 8 will show the basis upon which our recommendations 
are made in Chap.er 12. 

The objective of curricula in civil engineering courses oust be to 
produce a competent (adaptable) vorker with specialised skills for a 
particular level of the workforce, engineer or technician; either immediately 
after the completion of the course if it is conducted concurrently vith 
suitable industrial training/experience., or after obtaining such ex^ rience 
in the case of a full-ciise 'academic' course. The question of adaptability 
has been discussed briefly in this* report; scientific examination of how far 
a college course can produce adaptability or encourage or discourage a natural 
ability has rarely been done. 

The content of the curricula must be related to the tasks performed 
in the jobs if minimum time is to elapse between completing the course 'and 
performing satisfactorily in the job. 

It is therefore necessary to decide whether the traditi'onal 
collection of subjects studied, some largely for their own intrinsic value, 
is the correct basis for civil engineering curricula. One must decide: 

how many separate subjects are necessary? 

how much of each subject is necessary? 

when is the best place in the sequence for it to 
be taught? 

what is expected to be g&ined from the subject or 
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engineering*. Aaendnents to syllabi were frequently made as a result of this 
process. The industrial evaluation of the performance of graduates before 
final approval is given to a college course could be interpreted as one 
aspect of the summative evaluation process. Generally^ however, students are 
examined rather than curricula evaluated and the examination is normally over 
a narrow range of cognitive skills. 

It is also of Interest to note that to our knowledge no systematic 
evaluation by industry has taken place of the relevance or suitability of a 
particular civil engineering course to the tasks performed by students in 
industry. 

9.7 SUMMARY 

We have outlined the basic stages of the curriculum process, 
objectives, content, and sequence. We have also commented on the evaluation 
and modification stages although detailed examination falls outside the scope 
of this report. We hope that the coBq)lex nature of curriculum development, 
and the large amount of work involved in determining the basis for vocational 
curriculum development, have been made clear. As Vallentine* has said, "The 
procedure of drafting or revising a professional engineering course by more 
or less democratic procedures in a community of scholars provides an 
enlightening, if drawn-out, procedure." The problems are much the same where 

ertificate courses are concerned. It is now necessary to assemble the main 
i%^ati;rc»s of civil engi -veering training/education at the engineer and 

echnician level, as we see them, and these together with the findings of the 
survey cutlined in 'Chapter 8 will show the basis upon which our recommendations 
are ma«ivr in Chapter 12. 

The objective of curricula in civil engineering courses must be to 
produce a competent (adaptable) worker with specialised skills for a 
particular level of the workforce, engineer or technician; either immediately 
after the completion of the course if it is conducted concurrently with 
suitable industrial training/experience, or after obtaining such experience 
in the case of a full-time 'academic' course. The question of adaptability 
has been discussed briefly in this report; scientific examination of how far 
a college course can produce adaptability or encourage or discourage a natural 
ability has rarely been done. 

The content of the curricula must be related to the tasks performed 
In the Jobs if m4.nimuffl time is to elapse between completing the course and 
performing satisfactorily in the Job. 

It is therefore necessary to decide whether the traditional 
collection of subjects studied, some largely for their own intrinsic value, 
is the correct basis for civil engineering curricula. One must decide: 

1) how many separate subjects are necessary? 

2) how much of each subject is necessary? 

3) when is the best place in the sequence for it to 

be taught? 

A) what is expected to be gained from the subject or 
body of content? 

The inclusion of subjects for prestige pirroses, for the excessive 



Vallentine, H.R. "Engineering Education at the University", The Australian 
University , Vol. 6, No. 2, Aug. 1968, p. 190. 
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iuclasloii of suDjeccs which can be administered easily , for example 
mathemacics, or because they appear to have some support value* for example 
chemistry, for eleccrical technicians^ requires further examination. By 
adopting more careiui selection processes for compulsory subjects the right 
of ttartiary students to choose and study subjects for cheir ovm Intrinsic 
interest will be maintained and extended. 

It also is necessary to decide whether some of the traditional 
bellexs aoout subjects which * train the mind* and produce In the student 
ctLllcu^ i.aii^£cu;g aoiiity are valid uellefs in the light of modem work in 
this Jieldy parciculariy when the discipline Is taught by the traditional 
lecture, 4:extbook, c»na practical work for verification approach. Furthermore t 
can a generalised transferable ability be taught at all. 

Perhaps the rather more concrete evidence our survey provides will 
be a more substantial basis on which to make curriculum changes than the 
basis of what is often, opinion onl^ , and that derived from a basis of 
vested interest. Many people have a stake In current curricula » and to have 
one*s subject pushed out or reduced in hours is personal defeat, but something 
must give way if engineering and technician courses are to be of reasonable 
duration and interest, and be tuned to the needs of today and, hopefully, 
tomorrow. 



Post scripc . 

The addltonal content not directly related to employment needs (e.g» 
additiouai third year matnematics) and the apparent lack of works exposure as 
part of tue formal course has been referred to in this chapter and will be 
mention^a again in tne following chapter on professionalism. Readers may wish 
to be rofli.nded of the comments concerning course content made in the Wiltshire 
Report lebs than four years ago. There is, intended, to be an emphasis 

a. *'in treatiaeut of a certain subject or subjects aimed at 
relating the studies directly to the work situation, 
thus tending to reduce the more general aspects of such 
subjects and the course as a whole*'* 

o. '^oa studies involving the application of knowledge, with 
a consequent reduced emphasis on studies of a more 
theoretical nature." 

c. **on practical skills to a greater extent in some disciplines 

than would be found in courses not specifically designed 
for vocational purposes, such skills being of significance 
to the occupational needs of the student.** 

d. **on the planning of the courses so that they are complete 

in themselves, thus fitting a successful student for his 
work in Industry or commerce/* (Wiltshire, 1969, p. 17) 
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iilari^er in this rep^^ri (Chapter ^.1) we indicated why we 
d-'ci wd to use tho terms engineer and technician as convenient 
iaoels for tne two main groups with which this study is concerned. 
In addition, these terms were defined* For the engineer we adopted 
the definition of a professional engineer prepared by the Engineering 
Societies of Western Europe and U.S.A, (E.U.S.E.C. ) . , which reads 
as follows: 

" A Professional Engineer is competent by virtue of his 
fundameital educational and training to apply the 
scientific method and outlook to the analysis and solution 
of engineering problems* He is ab7e to assume personal 
responsibility for the development :ind application of 
engineering science and knowledge?, notably in research, 
designing, construction, inanufar turing, superintending and 
managing and in the education oi the engineer. lis work 
13 predominantly intellectual and varied, aud not of a 
routine mental or physical character. It reqvxres the 
exorcise of origina?, thought and judgement ai.d the ability 
to supervise the technical and administra ci ve work of 
others. 

"hirj educatioa will have been such as to make him capable 
of closely and continuously following progress in his 
hrnnch engiieering acience by consulting newly pubixnhed 
wopK uLi a world^ATide basis, assimilating such information 
4t 1 .'jpplyinr; it inde jienden t] y • He is thus placed in a 
p..; J on to m.-^ke cont ri bution:3 to ihe development of 
ri;./. '.r- r I soi'^ace or itis applic ..tions. 

. an i ir'iining will have been such thut he 

., .1 h ivc ^iiiiroi 1 broad and ftn^ral appreciation of the 
..-r^i : jri i.r^ ticijua.^ Uv3 well as a thorough inoight into 
f..- ..p;^ fe'iturt-^s o*: his own branch. In due ti^ne he 

.\i>l i)o aolj Ri^'o authoritative technical advice and 
t ... o'.4i:,^ r .^spi'ti^iui Ti ty for the direction of important 
in his brcinchi" 

It xr^ important to note that this definition is made mainly in 
t- lint) of duties of tr*e engineer. 

In Chapter 4.1 we commented that use of the adjective professional 
iTHvo uiz cause for concern, but there seemed no easy way of avoiding its 
ii;:e. *In Australia a person could become or was a ^^professional 
ffn^ineer*' if his qualifications (i.e. examination qualifications plus 
experience) permitted him or her becoming a member of a recognized 
enfUneering institution, e.g. Institution of Engineers, Australia. 
Thii: latter Institution unequivocally says, with respect to the 
examination qualifications, -^"the only acceptable method of meeting 
the initial educational requirement of the engineering profession is 
that of undertaking an ordered course of study in an engineering school 
accredi tea for the purpose . 



A.; thxij^ }rojoct :s cuncemed «ifith civil engineering curricula 
we believed some time, all^cil a litt^ie, should be devoted to un 
exam iiiCit ion of j rof eii.uonal ii^m and whether special features existed 
ir: civil engineering course^i thar could be connected in some way 
With later becoming a "professional engineer*'. 

At the same time the necei.sa^*y corollary of looking at jobs 
to determine what aid or diJ not confer on them the accolade of 
being a frofessional eng.neir'c job was also very much in mind in 
analysing the data gathert?d from the questionnaires returned to us. 
Also T.wo special meetings with carefully selected authoritative 
rej re^jentat ives from the civil engineering industry at the engineer 
ar^i tccunician levels were convened with the express purpose of 
■ittemj ting to find out what distinguishes a professional engineer's 
work from that of sub-prof essional/technician work, j^hese meetings 
have oeen diiJCuJ^iea in Chapter 9»^» 



• Prcfe...>or Ap^.Hall from U.M.S.W. made the following comment 
^The term ''j.rof es^ xoriril engineer" has unfortunately been 
more or leso forc^^d into frequent use by the vagueness 
atlachi:ig to the *^^rm "engineer" standing alone. The quick 
itni^^^ II. the mix., of u member of the public by the word 
"engineer" is prot^biy that of "garage mechanic". Plumbers, 
gasfitters^ concretors etc. are all "engineers". Ideally, 
members of th>: Institution of Engineers should change their 
label entirely, but this is clearly impractical. If "medicos" 
called themselves "professional doctors" this would seem to 
imi ly that there are some "unprofessional doctors". 
Unfortunately this is the case with the word "engineer". 



-f- Bas.c Requirements for a Professional Engineering Course - 
Consolidation of Various Previous Statements, Council of 
The Institution of Engineers, Australia. 20 March 1971» 
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:ht ^KOyfkSSIONAL IN SOCIETY 



Professional status is a sought after label and an increaiing 
numler of groups of working people are claiming their jobs are 
professional in nature. A number of sociologists, philosophers and 
oth^^rs nave looked at the professions and the distinguishing features 
of professionalism in modern society. There is reasonable agreement 
on the main ch^irac teristics • Fox* refers to two main criteria - some 
de?-ree of science or learning connected with practice, such knowl^dre 
to include a range and depth of theoretical principles and their 
learing on the larger difficulties of practice, and secondly - a 
code of ethics. Traditionally also a third fetor involving 
independence of judgement and decision has existed, but is todf^y 
ofte^ hard to achieve under modern conditions in large scale « cr- 
pri^^ 5, in teaching, in public works and in other community unc^ r- 
takings governmental or 'private'. 

C.E. Moorhouse"*' writing on professional education states "The 
existence of a profession then implies the existence of a body uf 
knowled^!:e which is generally accepted by its members, and which is 
modified in the light of experience, and also of a professional 
institution**. Moorhouse refers to Whitehead^ as an authority on 
the nature of professions. In his chapter entitled "Aspects of 
Fr<>edorn" Whitehead writes "the term Profession means an avocation 
where activities are subjected to theoretical analysis, and are 
modified by theoretical conclusions derived from that analysis. - - - - 
This foresight based upon theory, and theory based upon understanding 
uf the nature of things are essential to a profession". Whitehead 
claiTi;^: further "The antithesis to a profession is an avocation based 
upon cur. tomary activities and modified by trial and error of 
ind:vidu:il practice. Such an avocation is a Craft. - - - Without 
c\ier>txon itie distinction between crafts and professions is not clear 
cut. In ail stages of civilisation crafts are shot through and 
tnr *ugh with flashes of constructive understanding, and professions are 
baL:ed upon inherited procedures. Nor is it true that the type of men 
involved uve to be ranked higher in proportion to the dominance of 
ab;^tr-4Ct mentality in their lives. On the contrary, a due proportion 
cf cr^ift smanship soems to breed the finer types. The brilliant 
Hlulity, i!i proportion to population, of Europe in the fifteenth, 
sixteenth, and seventeenth centuries sugK:ests that at about that period 
the best harmony had been reached. Pure mentality easily becomes 
trivir.l in its grasp of fact." 



• Fox, A.C. "Criteria of a Profession"., Australian Journal of 
Higher Education. 

^ Moorhouse, C.E., Professional Education. Australian Higher Education 
- Problems of a developing cystem. Ed* Harman fte Gelby-omith, 
An.'-us ft Robertson, Sydney, 1972« 

4 Whitehead, A.N., "Adventures of Ideac", Cambridge University Pre^s, 



/it the time Whl tcheaU was writing, of course, no reco^i^ed 
int^/rmediato catef^ory of employment existed between craft and 
profession. It nut^ no^ until after World War II th.-^t technicians 
and the role they play in our modern technology-based society came 
to be more clearly undertitood . 

'Ahitehead nctt .^ the following features of the profet^sione ; 

a) they were trnnaf orraed by the advance of scholarship 
and rational science which culminated in an inversion 
of the roles of custom and intelligence, older 
profe.ssional practice being rooted upon custom, 

b) through this inversion the professional institutions 
acquired an international life, each institution 
practiising within its own nation, but its sources 

of life being world-wide. Thus loyalties stretch 
beyond sovereign states, 

c.) the mcijt important function of these institutions is 
the supervision of standards of individual professional 
competence and of professional practice, 

d) the functions of professional institutions constitute 
3 clear cut novelty within modern societies, 

Anoth-fT development, foreshadowed by Whitehead and taken up in 
recent years^; by such writers a;; Galbraitn is the growth in size of 
the biic.inei:s corporation or economic body corporate. Such 
orgar.i/.atiunii employ doctors, lawyers, and engineers. Concurrently 
a rroArth in size and numLer of government agencies, departments, 
and instrumentalities who also employ doctors, lawyers and engineers 
han occurred. Any consideration of professionalism in the 1970^s 
must take into acc^>unt the conflict of loyalties and duties that may 
exi;5t for a prufe^i i -.al engineer working for a government department 
or an international corporation. No conflict exists, of course, if 
the adjective professional today has a reduced or limited meaning 
compared to Whitehead's time. 

An associated argument applies to a number of groups of people 
today who are currently seeking professional status. Amongst these 
are teachers, but it has been argued that in spite of the traditional 
links of teaching with the church and the ministry the fact that most 
teachern are employed by institutions or the government under one 
guise or another makefs it difficult to see how the independence 
associated with professional status can be achieved. Perhaps, 
howevf;r, it is the status that is sought and not the independence 
and concommitant insecurity. 

Goude ^ observes that "an industrial society is a profeesion- 
rxiizinE one^^ and asks why. In his essay *'The theoretical limits of 
Prof*?r.Gionali3ation'' he examines the boundary of professionalism and 
concludt-s '*that nr.any aspiring occupations and semi-professions will 
nnvor if^noTie pr.jf*-' r^C' i on,- In the usufil n^^nse: they will never reach 
the levelt^ of krowled^^o and dedication to service that society 
con3id*^rs necessary fcr a profession. Such occupations include school 
teaching, nurr.ing, 1 ibrurianship, pharmacy, stockbroking, advertising, 
business management and others/' 

''Further, mo:.t oi' the occupations that do rise to such high 
levels will continue to be viewed as qualitatively different from 
O the four ^rreat person professions:- law, medicine, the ministry, and 
ERJCtjnivorsity teaching. This view will correspond to a social reality, 
""for they will be less professional in such traits as cohesion, 
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• The Higher National Certificates (H.N*C#) ih mgineering existed 

'he U.K. in Mi.* iVyC's hut were essentia, iy intended for 

professionals in training who could not af^ojd full time attendance 

at university (or who did not hold appropriate entrance qualifications) 

rather than as technical courses for technicians as they are today^ 

• 

♦ Goode, W.J. "Theoretical limits of profes' ivnalization" Chapter 6 of 

"The semi-professions and their orgf<Qisation". Editor 
Etzioni A, Free Press. New York, U.S.A. 1969- 117 



tiie pr< » Ion throu^ihout tiieir Xxfetime, homo^reneity of membership, 
cotitro; .'VtT prol%'i:'.5i onal violntion and others* In thl;j narrower 
fcienc^o theii, iho occupational titructure of industrial society is 
uot oecoT.in^ generally mure i-rofecsionalikied, even though a higher 
percent:u:e of the labour force is in occupations th «t enjoy higher 
pr«*^:i.-t» rankings and income and that call themselves professions.'* 

Later «vhen discussinf:^ the generating traits of professionalism 
^ooJe ii. a number of traito but concludes that the two central 
t^^-nerHl^ n,: qualities are: 

1) u basic body of abstract knowledge 

2) the ideal of service 

Uoode states further that: 

a) professions normally have a monopoly since society 
has been persuaded it is dangerous to allow 
others to practice, 

b) they have autonomy because others cannot judge their 
performance and are likely to shape their legislation, 
the manning of control and examination boards, and 
determine any standards for licensing, 

c) members are likely to remain in the profession, and to 
as£:ert they would choose the same work if they were 

to begin again, 

d) the rervice ideal is incorporated in a code. 

Towards the end of his essay uoode deals at length with the 
Person Professions and examines a facet of professionalism - the 
relationship between the professional and his client. A salient 
feature of this relationship is trust, the client must allow the 
prof ^'Gcional to know intimate and possibly damaging e crcts about 
hir. live if the task is to be performed adequately. On occasions 
ther^* cnn be intensive interaction between the client and the professional. 
In cvitrast, the client can be a corporate one when inter'<ction is much 
lesi3, arid the arrangement takes on the form more of a contract and less 
of i r. it, ierhap^ as "loode concluden 'Hhe core of four rreat person 
j/rof ^- ; i on.- uas not expanded much to include many new prcTession^, in 
oon^v'i.^*. with the hi^^her-level mana^^erial and scientific-technical 
^vofc^z^ious uni semi-pro .'essions. In this much narrower sense then it 
is not entj.'tfly clear that the industrial occupational structure of the 
society is Renerally professionalizing. Relatively few professions are 
rinsing th-it require trust and autonomy and that can obtain it through 
transductions vith society." 

".nis view tends to add weight to our own uneasiness about the 
'irr.fha^i:: on the adjective profei>sional when defining the engineer. 
However, let look more closely at the engineer and professionalism, 
I'ivti A.^rly the prafesoional ^n^ineer in Australia* In a recent 
book Lloyi* (who hai^ occupied executive positions with the Association 
of rrof^'-i^icnal Engineers, Australia) traces the development of engineer- 
ing elwc'ition and the engineering societies* He remarks that *^oducation 
in the formal senrse for the profession of engineering oegan within the 
la«t contiry or so, but the orig'^ns of engineering are lost in antiquity. 
- - • - ''Engineering, as the term is ui derstood today with its organized 
^ body of knowledge of both art and science :^te«s from the Industrial 

O . Revolution in l8th century Britain". However "provisions for engineering 

EKJ^ education from the beginnings of industrialization in Europe caused a 

class of professional engineers to arise in a manner much better defined 



Later when discussinr; the generating traits of professionalism 
Goode lists a number of traits but concludes that the two central 
generating qualities are: 

1) i basic body of abstract knowledge 
J) the ideal of service 

Goode states further that; 

a) professions normally have a monopoly since society 
has been persuaded it is dangerous io allow 
others to practice, 

b) they have autonomy because others cannot Judge their 
performance and are likely to shape their 3egislation, 
the manning of control and examination boards, and 
determine any standards for licensing, 

c) nenibers are likely to remain in the profession, and to 
aissert they would choose the same work if they were 

to begin again, 

d) the .ervice ideal is incorporated in a code. 

Towards the end of his essay Goode deals at length with the 
?ertjon Profe^^sions and examines a facet of professionalism - the 
relationship between the professional and his client. A salient 
feature of this relationship is trust, the client must allow the 
profoswional to know intimate and possibly damaging secrets about 
his life if the task is to be performed adequately. On occasions 
thexv can be intensive interaction between the client anrl the professional* 
In cor*traGt, the client can be a corporate one when interdiction is much 
less, Hud the arrangement t.'ikes on the form more of a contract and lefcis 
of tr . *'t. i erhaps as Goode concludes '^the core of four rreat person 
f'rof<-. i on:> iias not expanded much to include many new professions, in 
?ontr-i.--r ^ith the higher-level rnanar;erial and scientific-technical 
f. rof and isenii-^pro /esdions. In thia much narrower sense then it 
IS lio^ f*nt::-cly clear tnat the industrial occupational structure of the 
.^orxety is ren-?rally professionalizing* Relatively few professions are 
ariGing that require truct and autonomy and that can obtain it through 
tr&n.^ac ti ous with society." 

nis view tends to add weight to our own uneasiness about the 
•?T.5:h^i.5ic on the adjective prof e.;sional when defining the engineer. 
However, let look more closely at the engineer and professionalisroi 
p^rt ic ulctrly the professional engineer in Australia# In a recent 
book Lloyd* ( *ho has occupied executive positions with the Association 
of rro!^/.;cional Engineers, Australia) traces the development of engineer- 
ing elocution and the engineering societies* He remarks that "education 
in the formal sen;3e for the profession of engineering oegan within the 
last century or so, but the origins of engineering are lost in antiquity • 
- - - - "Engineering, as the term is understood today with its organized 
body of knowledge of both art and science litems from the Industrial 
{^evolution in l8th century Britain'^. However "provisions for engineering 
education from the beginnings of industrialization in Europe caused a 
class of professional engineers to arise in a manner much better defined 
than in England*" 



♦ Lloyd, B-E. ''The Education of the Professional Engineer". 

Association of Profersional Engineers, Australia, 1968. 
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John Smeaton and hits colleagues adopted the term "civil 
engineer" late in the Ittth century, to distinguish the civilian 
practitioner from the military engineer, and grouped together ®s 
the "Smeatoniaria", or tl.tf Society of Civil Engineers. Later in 1878 
the Institution of Civil Engineera was formed. The A'lerican Society 
of Civil Engineers wad founaed in l85>2. 

A feature of tne American, British and Australian engineering 
societies from their beginnings is their independence and self 
government. They do not operate under any statute as agencies of 
the State as do the engineering organisations in some European 
countries. The Royal Charters granted to institutions in the 
British Commonwealth are charters of recognition which confer powers 
rather than decrease independence by State regulations. 

Three major bodie^i represent engineers in Australia, Learned 
society and accreditation functions are provided by the Institution 
of Engineers, Australia. The professional and economic interests 
are tht* province of the Association of Professional Engineers Australia, 
Conuult.ng Engineers have formed the Association of Consulting Engineers, 
Au.'::triilia, to { rovide similar services for self-employed engineers. 
Lloya dtates, with reference to the formation of the Association of 
Frof ec.nior.H: Engineers, Australia "It became evident that employee 
profess- lon'il engineers needed a separate identity, and that this 
could only be achieved through a strong professionally based in.'lustrial 
reiarionc organisation. - - - - The Association has adopteu the titj.e 
"Frofeif ional Engineer" to identify those engaged in engineering at 
the lu^^y i rofe:3sional level. Through the registration under the 
Conimonweaitn Conciliation and Arbitration Act of its qualifications for 
roemberchip together w.th the definitions m its national awards, it has 
outabiiohv-d legui status for the title and practice of the employee 
I rof etir.ior.Hi engineer 'is h person engaged on duties, the adequate 
iischurge of any po.-. .on of which requires qualifications as (or at 
least equal) those of a Graduate member of the Institution of Engineers, 

Auatralia. - - The Institution provides clear and unequivocal 

criteria for the location of its boundaries, by the accreditation of 
courses in engineering at suitable qualifications for membership. Such 
accreditation is directed (vertically) to the level of intellectual 
attainment and (horizontally) to whether courses are in what are 
recognized as engineering disciplines. It follows therefore that in 
Australia persons holding qualifications accepted by The Institution 
are, ipoo facto. Professional Engineers. It also follows that those 
outside the lateral boundaries are not Professional Engineers, and 
that those within the lateral boundaries, but whose academic 
attammentn, while substantial, but fall below the plane, are 
engineering technicians." 

There ic. no statutory control of engineers by registration in 
Australia similar to that which exists in the U.S.A., (the council of 
tho Institution decided against legal registrat^n on 27 April 1963) » 
the essential component is the possession of qiialif ications acceptable 
to rh'/ InKt ; tution or En^^aneer.^ , Australia. The Association of 
i ; or-. . ...o:. I. huriTr'or , A.. • ] conc-m.'. itnojf with raising the 

..tat-j;: (r.aiiiry loveifi, working cond.tiorir, etc) of employee professional 
engin','ero. Thetie two boaiei. together with the Association of Consulting 
Engineer,., Australia, are together entirely responsible for defining 
the boun'iariec of ; rof ess lonaJ iam hL, it applies to Engineers, the 
Qov^^rmufiif either FederaJ or State jlayt; no role. 

We could conclude ♦heinfore that the basis of definition of a 
pnfr>TOfe3,Jionai engineer la in tt^rma of qualification. However, some 
y^ofereuce to experience made by the Institution of Engineers in 
th#'T hY#*-it«,»«, j'ririer OkuI. -if icat lons of Members, bve-law l'*, 
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government. They do not operate under any statute as agencies of 
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There ic, no .statutory control of engineers by registration in 
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the Institution decided against legal registration on 27 April 19o?) , 
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;jectioij (IV) which reado! 
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*HA cauaiaate for election or trancfer into thia grade 
/,haix proauce evidence to the oatiafaction of the Council) 
- - * That having been t^ngaged for at leaat 

four years in the practice of the profession 
of engineering, he shall have gained thereby 
eXjeriencH deemed liat itsfactory by the Council* 
In tne Case of a candidate who is a graauate 
in engineering of a University recognised by 
the Council for this purpose the term of four 
year;^ may be reduced to three years" • 

We Kfiow or no ciieck i-ist of the range of preferred skills 
expectea within the specialist field of engineering or the ability 
to be aemons trated within any skilJ • The traditional procedure 
apjeuro CO be confirmation of performance by a generalised statement 
from two or three referees • 

The Institution of Engineers has listed Australian Degrees 
and Diplomas recognized by it for the grade of Qraduate (Member) 
(April i97^)# It has also set out the basic requirements for a 
Professional Engineering course • and states what an acceptable course 
is expected to include* When referring to practical experience and 
professional responsibility material it states in items k and 5* 
the course is expected to include 

" ^) some practical experience relevant to the course, 
obtained outside the teaching establishment* 

I) professional responsibility material related to 
the social effects of engineering decisions* " 

One must wonaer how far various courses do provide any material 
concerned with the practice of the profession of engineering* 

We have referred earlier to the medical profession and 
regii: t rrible qualifications, but it should be recognized that the 
3tanaarci M.B^ B.Sp programme includes from the second or third year 
systematic practice in the application of the "applied science of 
the earlier years", and the degree itself implies that a satisfactory 
staiiJari of practice is required* Moreover a period of "internship" 
where further systematic and comprehensive training is provided is 
requ.recJ before the graduate can practice as a "professional"* Few, 
jf ':ir.y , '^.gxneering courses can lay claim to such vigorous safeguau:ds 
to irotect ttie public* 

Tiie aajective professional may be applied to an engineer by 
H circu-..ar argument of the sort that has been used by interested 
bodies but one must oe quite clear that when used for the engineer 
ii doojL. not imply in most cases that the person has been systematically 
taiighr und that his performance has been systematically examined and 
ieemea oatisfuctory in the practice oi the occupation before he receives 
hxa ta:jic registrable degree or diploma* 

W*? have mentioned that independence of judgement has been a 
feature of ] rof essionalismt but that this may be difficult to 
exercce in employment with a government department or large 
corporat ion. To what extent are engineers employees of r.uch 
organi»;at xons? A broad summary of the pattern of engineering 
employment (all types of engineer) is provided by a table compiled 
by Lloyd from n national survey in 1967# This is reproduced as 
Table 10*1. 



years may be reduced to three years'S 

We know of no check list of the range of preferred skills 
expected within the specialist field of engineering or the ability 
to be aemonstrated within any skill* The traditional procedure 
apj/ewtr. to be confirmation of performance by a generalised statement 
from two or tnree referees. 

The Institution of Engineers has listed Australian Degrees 
and DiyloBjaiS rtfcognized by it for the grade of Graduate (Member) 
(April 1972) ♦ It has also set out the basic requirements for a 
Professional Engineering course • and sitatea what an acceptable course 
is expected to include* When referring to practical experience and 
professional responsibility material it states in items ^ and 5f 
the course is expected to include 

4) some practical experience relevant to the course, 
obtained outside the teaching establishment. 

y) professional responsibility material related to 
the social effects of engineering decisions* " 

One must wonaer how far various courses do provide any material 
concerned with the practice of the profession of engineering. 

We have referred earlier to the medical profession and 
regL^it rable iiualif icat ions , but it should be recognized that the 
stai.aarcl M*B. B.S. programme includes from the second or third year 
systematic practice in the application of the "applied science of 
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where further systematic and comprehensive training is provided is 
requ^revi before the graduate can practice as a "professional". Few, 
if ar./» e!;giueering courses can lay claim to such vigorous safeguards 
to irotect the public. 

Tiie aajective profesoxonal may be applied to an engineer by 
H circuxar argument of the sort that has been used by interested 
bodies bit one muat be quite clear that when used foi- the engineer 
it doe^ not imply in roost cases that the person has been systematically 
taugh* 'Awi that his performance has been systematically examined and 
ieerr.ea satisfactory in the practice of the occupation before he receives 
hir; tajic registrable degree or diploma* 

We have mentioned that independence of judgement has been a 
feature of j rof essionalism« but that this may be difficult to 
exerc-.^;^ in employment with a government department or large 
corpora*. on. To what extent are engineers employees of r,uch 
organ *.;aMOh3? A broad summary of the pattern of engineering 
employmont (all types of engineer) is provided by a table compiled 
by Lloyd from a national survey in 1967i» This is reproduced as 
Table 10,1. 



• Basic Requirements for a P jfessional Engineering Course, 

Consolidation of Various Previous ^.atements , Council 

of the Institution of Engineers t Australia. 20 March 1971* 
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TAHLE TO. 1 



i'Al'TKKN OK ENGINt:KKING EMPLOYMENT 



Category ol Employer 




?ri va te Enterprise 

Publ ic S.;terprise 

Comr::onweal th Public Service 
£tate Public Service 
Commonwealth Iniit rumen tality 
o tate Instrumentality 
Local Government - Civil 
Electricity Undertakings (other 
than above) 

LduC'ition, armed I'orce.; and others 
lotr.l { 12,570 returns) 



In 1971 the Department of Labour and National service surveyed 
the t--.: loyment pattern amongot engineers who were members of the 
T-^corTiijcea engineering institutions and found the following; 

IWfcLE 10.2 PATTERN OF ENGINEERING EMPLOYMENT (1971 ) 





All Civil 
Engineers Engineers 


Private industry (including self- 
employed and Partnerships) 
Commonwealth Government 


k6.2% 59.1% 

^k.k% 7.1% 


Armed Forces 




State Government 


25.1% 


Local Government 


6.7% 15.1% 


Educational and others 






100.0% 100.0% 

1 — 


Our own investigations in th'* 
aimed ht establishing the pattern of 
civil enp;ineers showed: 


early phases of this project 
employment of 'professional" 


1:-.'. PA7TEHN OF ENGINEERING 


EMPL(.'YMENT (1972) 




Type of employer 


Civil Engineers 


<:cn;/il tnntn 


19% 


Contr-H! tor:- 


13% 


'.l'»neral Induf^try 




C'..;nrnonwealth Government 


6% 



I 



Public Enterprise 

Commonwealth Public Service 
State Public Service 
Commonwealth Instrumentality 

Jtate Inj-;trumentality 
Local Government - Civil 
Electricity Undertakings (other 
than above) 

id 1 1 on , armed I'orc^.--- and othera 
I'otal { 1^, 570 returns) 



10 ) 

3 ) 27% 
2i+ ) 
6 ) 10% 
k ) 



6% 



100% 



In 1971 the DepartT.eut of Labour and National .service surveyed 
the .•;r.: 1 oynie: t pattern amongst engineers who were members of the 
r-^cc -T'Mced engineering institutions and found the following: 
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All 
Engineers 


Civil 
Engineers 


Private industry (including self- 
employed and Partnerships) 
Commonwealth Government 


h6,Z% 


39.1% 
7.1% 


Armed Forces 


1.8% 


1.2% 


State Government 


25.1% 


54.8% 


Local Government 


6.7% 


15.1% 


Educational and others 


5.8% 


^+.7% 




100.0% 


100.0% 



Our own investigations in th'^ early phases of this project 
aimcfi '.t establishing the pattern of employment of 'i)rofessional" 

civil eriirinpers showed: 



PATTEKN OF ENGINEERING EMPLOYMENT (1972) 



Type of ^.-mployer 


Civil Engineers 


Con.^ 1 1 tan tc 




ConWa: tore: 




G'Tieral Induct ry 




:! .-i-ionweal th Government 


6% 


l;r;::i1ias Armed Forces) 




r:t ^ te '^overnrnt^nt 




Loc Li 1 .love rnmen t 

1 




* 


100% 
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C^ca'^y ci\Jix engineers are predominantly employees, and 
61 per ct-:;t , {nv more, if one assumes that soine of the group labelled 
coiii>..i t.i;ii:. v.iI-L be empioyet?fc3 , ) apj^ear to face the conflict of 
-toy ii^iif- roi\-ri'oa ^o earlier and will not be able to exercise 
iriaepenaeiit Judgement • 

heturniag now to the features which distinguish professionalism* 
flriefj^v these are: 

Ku) a t30dy Ox science or learning connected with 
practice and including theoretical principles 
and tueir bearing on the larger difficulties 
of practice, 

(b) a code of ethics incorporating the ideal of services 

(c) independence of judgement and decision* 

How far does the practice of civil engineering in Australia 
today incorporate these features? 

(a) There is a body of science or learning connected with 
practice, but we have formed the impression during 
this f^tudy that insufficient emphasis is given to the 
bearing of this on the larger difficulties of practice. 
We will refer to this again under recommendation. 
Cnapter 12# 

(b) There is a code of ethics * with nineteen items which 
deala with conduct and behaviour;^ in certain situations, 
and which states, item 1, headed "Duty to Community - - - 
Aii £:igiaeers responsibility to the community shall at 
all times come before his responsibility to the 
Profession, to sectional or private interests, or to 
other engineers" • 

(c) Ik view of the employee nature of the status of many 
ci/il engineers it would not be possible for them to 
^xcrcise independence of judgement and decision, and 
uue wonder:* how far they can obey item 1 of the code 
or ethicb mentioned under 'b' above because of this 

i ^ck of independence. 



Curretitiy the medical profession in Australia is grappling 
with tht; Federal Government over a proposed National Health Service. 
Aii ihe aoctors arguments reduce to this basic theme of service to 
the client and that such a service can only be provided, and 
independence of judgement and decision preserved, if the doctors 
remain in private practice and do not become government employees. 

If thin is such an important aspect of professionalism then 
Civil c:.^ineer-.: in Australia are not, in the main, professional in 
the iraditional sense of the word. There is little scope for the 
majority of them to develop and exercise qualities of responsibility 
to individual clients or even to society at large. 

Even if little opportunity exists for them to do so the 
question must arise as to whether they would freely exercise 
"professional" responsibility if opportunity did present itself. 
i:D?r civil engineers know what traditional professionalism is 

all about? Do they merely believe that it is concerned with 
negotiated salary ranges and beinv a member of the Institution. The 



Briefly these are: 



Ca) a body of science or learning connected with 
practice and including theoretical principles 
and taeir bearing on the larger difficulties 

of i^ractice, 

( tO a code of ethics incorporating the ideal of service, 

(c) independence of judgement and decision. 

How far does the practice of civil engineering in Australia 
today incorporate these features? 

Ca) There is a body of science or learning connected with 
practice, but we have formed the impression during 
thi;.; titudy that insufficient emphasis is given to the 
bearing of tiiis on the larger difficulties of practice. 
We will refer to this again under recommendation. 
Cnai^ter 12 m 

(b) ?X4ere is a code of ethics * with nineteen items which 
deals with conduct and behaviour j in certain situations, 
and which states, item 1, headed "Duty to Community - - - 
Afi Engineers respons ib ility to the community shall at 
ail times come before his responsibility to the 
Profession, to sectional or private interests, or to 
other engineers" • 

(c) View of the employee nature of the statue of many 
civil engineers it would not be possible for them to 
^Xt?rci3e independence of judgement and dec is ion, and 
une wonder-* how far they can obey item 1 of the code 
or ethics mentioned under *b* above because of this 

i ick of independence. 

Jiir i-eii • iy the medical profession in Australia is grappling 
witit tht.- Federal Government over a proposed National Health Service. 
Ail ih.e aoctoi'i; arguments reduce to this basic theme of service to 
the Client and that such a service can only be provided, and 
mdepenience of judgement and decision preserved, if the doctors 
remain in urivate practice and do not bejj^e government employees. 

ir tnii". is such an important aspect of professionalism then 
civxi engineer:^ in Aujtralia are not, in the main, professional xn 
the traJit-Lonal sense of the word. There is little scope for the 
majority of them to develop and exercise qualities of responsibility 
to mdiviidua] clients or even to society at large. 

Even if little opportunity exists for them to do so the 
question must arise as to whether they would freely exercise 
"prof es::ionai" responsibility if opportunity did present itself. 
How far- do civil engineers know what traditional professionalism is 
all about? Do they merely believe that it is concerned with 
negotiated salary ranges and being a member of the Institution. The 
Institution of Engineers, Australia, has stated an acceptable 
engineering course is expected to include "professional responsibility 
mater.ial r^^lated to the social effects of engineering decisions". We 
fi'ti'i eax'lit'!', one mu^>t wonder how far various courses do provide any 
material concerned with the practice of the profession of engineering. 
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10^2 VIEWS OK C.fj.E.'S AND UNIVERSITIES ON COURSE CONTENT 
RELATED TO PROFESSIONALISM 

In order to determine how far current courses in civil 
engir.eering do provide ini^ight into the implications of the label 
"profei3sional", tertiary institution^; in Australia offering such 
courses were approached for their comments and answers to four 
-iuestions. The jjreambie mentioned this present study, our interest 
xn the term professional as applied to engineers, and a request for 
frank comments » 

The four questions were : 

1. Does your degree/diploma course set out to produce an 
embryo professional civil engineer who has had basic 
experience :;nd exposure to "practice" and needs only 

a minimum additional period, essentially of maturation , 
before receiving full "professional" status? 

2. In the normal M.B., B.S. programmes in medical schools 
systematic clinical experience is included as an essential 
component and the graduates are expected to follow at 
least a further year of supervision training before 
independent practice^ What comments do you care to make 
concerning the comparison between the medical "profession" 
and medical education and the civil engineering "profession" 
and civil engineering education? 

Is related industrial experience in civil engineering a 
compulsory component of your course, and if so 

Ca) how many months are required 
(b) Wi.en are students expected to acquire this - 
normal term time or vacation 

Cc) is it supervised directly by the staff of 
the university/college* 

^. In the course what components, if any, are included to 

cover 

"(5) professional responsibility material related 

to the social effects of engineering decision". 



• i3jecific u::ed 



R^; l^o^: were rec^:Vf^d from all universities with the exception 
hi t^r.M ';.MV€M':. i of iNewcant^e and ^ili CA.E.'s with the exception of 
♦ne :-;oi-t.h Au/itralian Inctituie of Technology. Our thanks are due to 
the hff?idw of department concerned for their detailed and helpful 
comm^»n t.; • 

Much of the materi^il that follows has been discusced earlier 
in th^ appropriate section of the previous curriculum chapter. The 
Q content is expanded however, with respect to its implications for 
gp^(^profe3sionalis''*. Extracts from the replies received have been cited 
™™Ba™^xpressing representative viewpoints. This makes the chapter longer. 



in the term professional as applied to engineers^ and a request for 
frank comments • 

The four questions were : 

1. Does your degree/diploma course set out to produce an 

embryo professional civil engineer who has had basic 
experience and exposure to ^*practice*^ and needs only 
a minimum additional period, essentially of maturation , 
before receiving full ''professional" status? 

2* In the normal B.S. programmes in medical schools 

systematic clinical experience is included as an essential 
component and tne graduates are expected to follow at 
least a further ;^(iur of supervision training before 
independent practice* What comments do you care to make 
concerning the comparison between the medical "profession" 
and medical education and the civil engineering "profession" 
and civil engineering education? 

3# Is related iniustrial experience in civil engineering a 

compulsory component of your course, and if so 

(a) how many months are required 
Cb) Wiien are students expected to acquire this - 
normal term time or vacation 

(c) is it supervised directly by the utaff of 
the university/college* 

4p In the course what components, if any, are included to 

cover 

"(5) professional responsibility material related 

to the social effects of engineering decisicn". 



* ijpecific u;;ed 



he^lxot: were rec^^.ved from all universities with the exception 
iA t:.^ l'Mverr:ity of Newcastle and all C.A.E.^s with the exception of 
tf.e Jouth Auiitr:iiian Institute of TechnuJogy. Our thanks are due to 
th^^ of defurtment concerned for their detailed and helpful 

comm^'nt J • 

Much of the material that follows has been discucoed earlier 
in thn appropriate section of the previous curriculum chapter* The 
content ir expanded however, with respect to its implications for 
profer.i^ionaliem. Extracts from the replies received have been cited 
exprosr.ing representative viewpoints^ This makes the chapter longer, 
but without direct quotations we believe much of this source material 
woild be umiVM liable and much of its impact would be lost. 

Their contents are summarized below:- 
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Moot C.A.E.'g gave either a yes cr a qualified yes to this 
1 it%s^ ;or.. Qual if iCM t ions to the answer with respect to training 

"they will neevl to learn the particular techniquec^ and 
trccedureo adopted by their employer since it would be 
in;{. o^^;3ible in the time available to expose them to those 
many different aspects of "prac t ice" • 

•if*d in contrast 

"Yeo - at iea::5t with regard to the "bread and butter" 
activities encountered in many civil engineering projects." 

The limitations of classroom based teaching were strestjed by 
ont? of department. (An alternative approach will be discussed 

later). 

"By its very nature only certain aspects of Civil Engineering 
c:^n be taught in a classroom, thus — — I would suggest that 
the Civil Engineer not only matures but learnti a great deal 
more In construction management work there is only 

n^arginal exposure to practice e.g. site visits and those 
aspects which are suitable for teaching in the classroom 
environment ." 

Effective liaison with industry was stressed by another college. 

We? "aim to produce an Engineer with the knowledge and 

-kiiir. required .so that a graduate can be immedi-^tely useful 

indu.;try. The department has close liaison with industry 
II. I r }ie Civil Engineering work of the course is made to be 
ir.'icticai. Viisilv. to industry are common and project work 

carried out m a real situation, m most cases taking an 
MCtih'ii job from industry (this college does not have a 
comjul^^ory industrial component)." 

i*ne influence of the Institution of Engineers was cited by 

"it^r. becau;ie that is the way the Institution views the process 
of prouucing a "professional" civil engineer; and if their 
yardstick is used our graduate should have the necessary 
inventory (training, experience) to be, according to this 
yardstick, called "fully qualified"* However, in my personal 
opinion, this period "maturation" in fact requires a 
substantial amount of time regardless of the extent of 
accidemic training; experience ?s important" 

Tne I'^ck of systematic training -/as cited by two other colleges 

"We c uns ide;- that our produc ts s till require a cons iderable 
amount of further training before they are full professionals, 
although our sandwich course has a considerable industrial 
content and obviously reduces this training period 
considerably'* 



ERIC 



"However', a cxval engineer is always learning and it 
woula be wrong to say our diplomate^ only need maturation 
post graduate ---- they need to develop expertise in 

a) appiyiiig their knowledge and skills to practical 

pr oblem;3 

b) fitting into an organisation m the work situation 
as distinct from the college situation 

c) aspects of the profession (such as constructlont 
handling staff , administration practice) that 
cannot be taught in college 

The Arbitration Award has recognised this by defining an 
••experienced" engineer as a diplomate with 5 years poet graduate 
experience . 

This need **to develop expertise in applying their knowledge 
ana 5kiili5 to practical problems", perhaps the vital component of 
prof esaionalism, although recognised in theory by the teaching 
institutions appears in practice to be very much left to chance • 
Regretably the complete integration of the theoretical college 
component with the applicat ional industrial component of what might ^ 
best be regarded as cue overall curriculum has never been achieved. 

One univer£ity head made explicit the implicit assumption 
of the present system 

"On graduation he should also have sufficient insight 
into the processes of design and synthesis to be able 
to contribute - probably slowly at first - to a design 
(or other rdan) and with a few years of guided activity 
(and reasouj ^le luck in the choice of superiors) become 
an efficient professional." 

Perhaps the section in parenthesis ought to have been written 
m block capitals. 

t^sentially therefore, training for the vital component of 
civil er.gmeering - ability to apply the theory in practice - is 
left to an unorganised random type of pseudo apprenticeship, without 
the i^afeguards now sought for trade education in many European 
Oountrieii (particularly Germany). 



JO.^ .c Universities 

With two exceptions the universities gave either a 'yes * or 
H ^luajified yes* to this question* 

Two uni vertsit les were more emphatic m their yes than most 
C.A.L.s ana both included a substantial experience component as a 
compulsory part of their degree course* 
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c) aapects of the profession (such as construction! 
handling staffs administration practice) that 
cannot be taught in college 



The Arbitration Award has recognised this by defining an 
"experienced" engineer as a diplomate with 5 years post graduate 
experience. 

This need "to develop expertise in applying their knowledge 
ana sKiilii to practical i^roblems'%perhaps the vital coaponent of 
prof essionalisra, although recognised in theory by the teaching 
institutions appears in practice to be very much left to chance* 
Regretably the complete integration of the theoretical college 
component with the applicat ional industrial component of what might ^ 
best be regarded as one overall curriculum has never been achieved* 

One university head maac explicit the implicit assumption 
of the present system 

"On graduation he should also have sufficient insight 
into the processes of design and synthesis to be able 
to contribute • probably slowly at first - to a design 
(or other plan) and with a few years of guided activity 
(and reasou-i luck in the choice of superiors) become 
an efficient prof es^iional ." 

Perhup:3 the section in parenthesis ought to have been written 
xn block capitals. 

EiJsentially therefore, training for the vital component of 
civil ehgineering - ability to apply the theory in practice - is 
left to an unorganised random type of pseudo apprenticeship, without 
the safeguards now sought for trade education in many European 
Countrie;^ (particularly Gerhiany) • 



lO^i::^^ Universit ie3 

With two exceptions the universities gave either a *yes • or 
a '{Ugii jif led V^^* to thio question* 

Two univerui t ICC were more emphatic in their yes than most 
C»A.K*s and both included a substantial experience component as a 
compuitjory part of thtMr degree course. 



• JahoJ?*, M. The Education of Technologists. Tavistock Publications 

London 1963 

Jahoda diLiCusses theoretical issues in her booK using the Tavistock 
oocio Technical Analysii:^ procedure and argues ^\ r the exclusion of 
industry from the decision making process in '^oirse construction. 
All arrangements in the diploma courses would nevertheless ultimately 
be nubject to final decision within the educational system only. Her 
^Argument rests in the assumption that "educa iunal systems, in order 
ERIC^ function with optimal efficiency, require on internal organization 
aaa^ain order to establish priorities relevant to their central task. 



The qualii icationti to the "yes" were similar to those expressed 
above t i*or example ^ 

"A short answer to the question would be "y^^^* ^he practice 
meant mainly analysis and synth^^sis, or office work as 
against f leAd work. If he goes straight into construction 

or similar fieldj, he will probably be of less immediate use 
and be more dependent on *on the job* training for the 
maturing process. The 'No' answers both emphasized **the 
assumption that they will be subject to several years of 
proiessional training after graduation". Both universities 
which answered 'No' had pei iods of industrial experier e as a 
component of the course greater in duration than most C.A.E»:j 
but the purpose of these was "aimed mainly at showing how the 
engineering theory is supplied. They are not intended to 
provide professional experience." 

The expectation that most graduates would have 

"a sufficient background in science and engineering science 
to be able to follow new developments for some years after 
graduation without retrainings and hopefully contribute to 
them after a relatively short time in practice" 



was mentioned by some universities. 



10.^ EVAi^UATION OF THE TRAINING COMPONENT 



The integration (with education) and systematic evaluation of 
the training component was developed further in the fir^t section of 
Question 2 which then sought opinion concerning similarities and 
differences between medicine and civil engineering as professions^ and 
their associated education - training demands. 



xQ. j>l The Training Component - C.A.E.s 

Again considerable differences were noted among the C»A#E»6 rangm 



from 



"a properly designed course of postgraduate or undergraduate 
training would be of considerable assistance in the rapid 
development of "professionalism" in engineering students" 



to 



"there appears to be no advantage in engineering educationalists 
demanding that students undergo a lengthy supervised 
"orientation" program prior to the award of a qualification--- 
it IS the res| onsibility of C.A.E.'s and universities to 
provide the appropriate engineering education programf that 
may or may not include a variety of "clinical" programs for 
educational reasons"* 



One might here make a Biblical reference * 

Most I however t favoured greater training components, one 
Q stating explicitly 

"Agree provided that we can supervise the work in industry - 



maturing proc»aa* ihe •No* ansvtrs both emphaeieed "the 
assumption that they will be subject tc several years of 
professional training after graduation^'. Both universities 
which answered 'No* had periods of industrial experience as a 
cotnpontnc of the course greater in duration than most C#A»E.o 
but th*? purpose of these was "aimed mainly at showing how the 
engineering theory is supplied. They are not intended to 
provide professional experience." 

The expectation that most graduates would have 

"a sufficient background in science and engineering scienct> 
to be able to follow new developments for some years after 
graduation without retraining, and hopefully contribute to 
them after a relatively short time in practice" 

vtiiL^ mentioned by some universities. 



10.'^ KVAi^UATIOA^ OF THE TRAINING COMPONENT 

The integration (with education) and systematic evaluation of 
the tiMining component was developed further in the firi:t section of 
Quer,tion 2 which then sought opinion concerning similarit ie^j and 
differencets between medicine ind civil engineering as profeosionr. and 
their associated education - training demands. 

10>5>-'^ The Training Component - C.A»E»s 

Again considerable differences were noted among the C.A«E#s rangui 

from 

"a properly designed course of postgraduate or undergraduate 
training would be of considerable assistance in the rapid 
development of "professionalism" in engineering students** 

to 

**there appears to be no advantage in engineering educationalists 
demanding that students undergo a lengthy supervised 

**orientation** program prior to the award of a qt^alif icat ion 

it is the responsibility of C»A»E»*8 and universities to 
provide the appropriate engineering education program i that 
may or may not include a variety of **clinical" programs for 
educational reasons**. 

One might here make a Biblical reference • 

Most, however ♦ favoured greater training components , one 
stating explicitly 

**Agree provided that we can supervise the work in industry - 
a difficult task. The alternative would be to set up the 
equivalent of the **teachiDg hospital**. 



♦ Matthew 2? Verse 2k 
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The advantage of thi;s type of "hospital" arrangement followe^i 
by a component concerning the diorte. duration of mobt medical 
"iroject*5" (cat?<?i3} in compuritson with those in civil engineering was 
reported by oome college;^, 

"appears to be a practical difficulty in finding engineering 
establishments which would be prepared to supervise the 
graduates for minimum terms on a number of varying 
engineering environments* A hospital tends itself to a 
concentration of varied assignmentS| each of them relatively 
short termed, compared with engineering assignments" 

This problem of providing suitable industrial establishments 
was mentioned by several colleges 

"By and large no formal period of this nature is available 
for Civil Engineers but it has been recognis^^d as 
desirable by larger employers who have the facilities to 
establish training programs. Economic feasibility is 
important since it would mean a government controlled 
program of at least 1-2 years and is unlikely to be acceptable" 

The "sandwich" method of providing supervised training was 
endorsed by several colleges but again the problems of industrial 
placement for college based students was stressed* 

" I am very much in favour of a sandwich course of the type 
run by N.S^W.I^T* w^th supervised and controlled periods 
in industry preferably with more than one employer ~~ 
employers will have to be persuaded to accept more students 
for training 

At present X , students are responsible for obtaining 

themselves re-i-ated experience; they have difficulty in 
obtaining employment and often do not obtain it until after 
completion of full-time studies. They would benefit 
considerably from a 'sandwich^ period in industry part way 
through the course" 

In their handbook Swinburne College of Technology state that 

"The industrial training scheme has proved most successful 
and the Department gratefully acknowledges the assistance 
and co-operation of the following sponsors" 

In the list that foJ3nw<*d two private companies are mentioned 
W. P. brown and Associates, and Civil and Civic Pty»Ltd.» the remaining 
sixteen employers are either local government or State bodies* 
Clearly private industry is not accepting its share of training 
renponoibility , In the U^K^ private firms ftre subsidised by the 
r!rTit.r?ii government and r>ome industrial training boards to cover part 
or r.r.*:*r reui cocto xn training sandwich students? would a similar 
;.chemc' helj, in Australia* an alternative a government controlled 

and financed program (mentioned earlier) operated essentially by State 
/ind National government organisations might be considered. 



One college would resist 




••any trend to make engineering courses longer than V full time 



years" 



graduates for minimum terms on a number cf varying 
engineering environments* A hospital tends itself to a 
concentration of varied aasignments^ each of them relatively 
short termed I compared with engineering assignments" 

This problem of providing suitable industrial establishments 
was mentioned by sever- colleges 

"By and large no formal period of this nature is available 
for Civil Engineer.^ but it has been recognised as 
desirable by larger employers who have the facilities to 
establish training programs* Economic feasibility is 
important since it would mean a government controlled 
program of at least 1-2 years and is unlikely to be acceptable 

The "sandwich" method of providing supervised training was 
endorsed by several colleges but again the problems of industrial 
placement for college based students was stressed » 

" I am very much in favour of a sandwich course of the type 
run by N«S»W«X«T« with supervised and controlled periods 
m industry prefexably with more than one employer ---- 
employers will have to be persuaded to accept more students 
for training 

At present -.a X , students are responsible for obtaining 
themselves related experience; they huve difficulty in 
obtaining employment and often do not obtain it until after 
completion of full-time studies. They would benefit 
considerably from a 'sandwich' period in industry part way 
through the course" 

In their handbook Swinburne College of Technology state that 

"The industrial training scheme has proved most successful 
and the Department grati^fully acknowledges the assistance 
and co-operation of the following sponsors" 

In the list that followed two private compr.nies are mentioned 
W*P#Brown and Associa tesf and Civil and Civic Pty.Ltd., the remaining 
sixteen employers are either local government or State bodies* 
Clearly private industry is* not accepting its share of training 
reijj/onnibility p In the U.K. private firms are subsidised by the 
cfntrriX government and come industrial training boards to cover part 
of tho ir real coots in training sandwich students; would a similar 
;;chemo helf. in Australia. As an alternative a government controlled 
^tfuJ I'in/inced } rogram (mentioned earlier) operated essentially by State 
•ind National government organisations might be considered. 

One college would resist 

"any trend to make engineering courses longer than k full time 
yeare" 
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The effect of outside influences on educational decisions^ 
ca^e competition from neighboura, is clear from the following 

'*Whiie these courses are very popular m the U.K* they 
are not used much hei-e owing, I believei to administrative 
worries 

I believe we should insist that our students gain practical 
experience of 12 months before attempting their final year, 
but if I ao this here at Y » students will go elsewhere 
to get "qualified" sooner, since they get award salary for 
"qualified" engineer as soon as they pass their diploma, 
irrespective of experience". 

The implications of this statement need further and serious 
cons ideration* 



m this 
comment 



10.^^2 The Training Component - Universities 

University comment centred round the similarity in total 
length of program with medicine if the two year period of additional 
practice experience is added to the four year period of college 
education. It was noted, however, that this 

"clinical work of the doctor appears to have been more 
strictly controlled than in the case of the professional 
training of the civil engineer" 

The most detailed comment is given below 

"The compulsory vacation work training, which is intended to 
acquaint the students with *real* engineering and some of 
its problems, is probably tow limited in time to achieve 
its full potential ais an educational technique. There is 
also little control over the type of work engaged in, and 
the field is in fact so broad that a student can only hope 
for a little insight into one or two specific pboelbms in 
one of the main streams of civil engineering. His first 
year or two afte. graduation will normally amount to 
supervisor-training, but there is no engineering equivalent 
of a centralised all purpose institute such as a hospital* 
An arguable case can be made out for spending a sizeable 
amount of time on •supervised practice' during the course - 
say after third year • but this would be difficult to 
organise, both for the University and the outside offices. 




10^^>j Medici ae and Civil Engineering 

The most detailed comparison between medicine and civil 
enf.meering as professions was provided by the Darling Downs Institute 
of Advanced Education and it is summarised below along with some other 

ate ^ M ^ 0> <• 



comments 



a) 1) Doctors are trained for direct dealing at 
the bedside 



I believe we should insist that our students gain practical 
experience of 12 months before attempting their final year, 
but if I do this here at Y , students will go elsewhere 
to get "qualified" sooner, since they get award salary for 
"qualified" engineer as soon as they pass their diploma, 
irrespective of experience". 

The implications of this statement need further and serious 
cons iderat ion • 



10. j, 2 The Training Component - Universities 

University comment centred round the similarity in total 
length of program with medicine if the two year period of additional 
practice experience is added to the four year period of college 
education* It was noted, however, that this 

''clinical work of the doctor appears to have been more 
strictly controlled than in the case of the professional 
training of the civil engineer" 

The most detailed comment is given below 

"The compulsory vacation work training, which is intended to 
acquaint the students with 'real' engineering and some of 
its problems, iiJ probably too limited in time to achieve 
its full potential as an educational technique. There is 
also little control over the type of work engaged in, and 
the field is in fact so broad that a student can only hope 
for a little insight into one or two specific pboelbms in 
one of the main streams of civil engineering- His first 
year or two after graduation will normally amount to 
supervisor-training, but there is no engineering equivalent 
of a centralised all purpose institute such at^ a hospital. 
An arguable case can be made out for spending a sizeable 
amount of time on 'supervised practice' during the course - 
say after third year - but this would be difficult to 
organise, both for the University and the outside offices. 



10.j>.j Medicine and Civil Engineering 

The most detailed comparison between medicine and civil 
engineering as professions was provided by the Darling Downs Institute 
of Advanced Education and it is summarised below along with some other 
comments : • 

a) 1) Doctors are trained for direct dealing at 
the bedside 

2) Doctors must learn manipulative skills and 
techniques particularly in surgical work 

3) Doctors for private practice must learn to 
work on their own early in their career (group 
practice notwithstanding). Some consultation 
is clearly available in the diagnostic phase. 

4) Specialist doctor well recognised but may not 
be available in emergency situation 
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1) Most civil engineers' work i5 done in consulting 
civil engineers offices, government offices, semi- 
government offices or on major construction projects - 
work i.. rarely done by an isolated civil engineer. 
Civil engineers do not accept a« much responsibility 
reraonally as doctors particularly in their early 
years in practice Cnor is this a function of the 

real nature of civil engineering rather this is a 
result of the type and extent of training currently 
given IS not clear). Frequent consultation is 
possible during the working up of a design or 
planning/implementation of a construction project 
and emergencies rarely arise (as could, for example, 
occur with a doctor in his first few months of practice 
in a country area where he might be required to do an 
emergency appendectomy) 

2) When a civil engineer enters private practice he 
normally enters as a partner after several years of 
experience . 

3) A medical practitioner in his one year of post basic 
training is likely to meet something approaching the 
full range of problems he meets later in practice 
(excluding sp*»cialists) Civil Engineers work on 
projects of much greater duration. 

The essential difference therefore is that medical practitioner 
are usually "loners" whereas civil engineers are team members. 
Education and training it is claimed should therefore reflect these 
e^aentiul d if .'erence.-. . Clearly the 'professional' civil engineer 
doec not fit into t^'.- concept of a professional defined by the authors 
diocuosed e-irlier anc. ;^ a closer parallel with the teacher.* who 
is described more frequently as a quasi or semi-professional. 



* Footnote 

Macquarie University does not provide the common "end on" 
arrangement for teacher training offered by most other universitiei 
where the students first obtain a B.A. or B.£>c. in the normal 
academic subjects then follow a fourth year of training in the 
theory and practice of education. Training at Macquaric is a 
four year integrated programme resulting in the combined award 
of B.A., Dip, Ed. The training component is the joint 
resf^onaibiiity of the university and a series of master teachers 
in specially selected nchools. The amount and cont«»nt of 
training is specified but the time arrangement is left to the 
individual student and his master teacher. The student is not 
paid for any teaching he does and is always a supernumerary to 
the staff complement. Clearly this system could have advantages 
for the training of some civil engineers particularly where 
projects tend to move slowly. One day each week for two or 
three years under the direction of two or three carefully 
^ . selected "master" civil engineers from different branches of civil 
ERIC engineering who report systematically on the work done by the 

trainee could remedy many of the defects produced by the present 



result of the type and extent of training currently 
given iB not clear). Frequent consultation ie 
possible during the working up of a design or 
planning/ implementation of a construction project 
and emergencies rarely arise (as could, for example, 
occur with a doctor in his first few months of practice 
in a country area where he might be required to do an 
emergency appendectomy) 

2) When a civil engineer enters j^rivate practice he 
normally enters as a partner after several years of 
experience. 

3) A medical practitioner in his one year of post basic 
training is likely to meet, something approaching the 
full range of problems he meets later in practice 
(excluding specialists) Civil Engineers work on 
projects of much greater duration. 

The essential difference therefore is that medical practitioners 
are U3uai.ly "loners" whereas civil engineers are team members. 
Eaucation and training it is claimed should therefore reflect these 
essential differences. Clearly the 'professional' civil engineer 
does not fit into t*^e concept of a professional defined by the authors 
diiicussed earlier anu Lis a closer parallel with the teacher.* who 
is described more frequently as a quasi or semi-professional. 



Footnote 

Macquarie University does not provide the common "end on" 
arrangement for teacher training offered by roost other universities 
where 'the students first obtain a B.A. or B.Sc. in the normal 
academic cubjects then follow a fourth year of training in the 
theory and practice of education. Training at Macquarie is a 
four year integrated programme resulting in the combined award 
of B.A., Dip.Ed. The training component is the joint 
resj-o.-iaibility of the university and a series of master teachers 
in specially selected schools. The amount and content of 
training is specified but the time arrangement is left to the 
individual student and his master teacher. The student is not 
paid for any teaching he does and is always a supernumerary to 
the staff complement. Clearly this system could have advantages 
for the training of some civil engineers particularly where 
projects tend to move slowly. One day each week for two or 
three years under the direction of two or three carefully 
selected "master" civil engineers from different branches of civil 
engineering who report systematically on the work done by the 
trainee could remedy many of the defects produced by the present 
system (where training in most cases is a chance operation 
following the college course). 
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10.4 INLUSTHIhL lilXPERIjilivCS KEQUIREMENT FOR STUDENTS 

Tne industrial ex^-erience required by full-time or sandwich 
siludenta is shown in Table 10.^ 



TABLE 10. 4 

I DSuTICAL EXPERIENCE REQUIREMENT - 
COMPARISON 3ETWSEN C.A.E.s AND UNIVERSITIES 





C.A.E.s 


Universities 


A) 


Length of Experience required* 
as part of course 

1) Nil 

2) 6 weeks 


6 






3) 7-12 weeks 


2 






^) 13-26 weeks 


2 


2 




3) 26 weeka 


3 


1 


B) 


When required 

1) During term 


3 






2) During vacation 


5 


6 

Cone return 

miaaing) 


C) 


Suj:ervii3ed axrectiy by staff 


3 






c) No *♦* 


5 


7 

— , -I 



Most colleger; encouru^ e but do not require experience. 
College X for exaiople states 

"1<2 weeks experience required by the Institute of 
Engineers before the award of the Diploma and this 
is gained before? the conferring ceremony which ie 
held in April each year" 

One college requires 6 weeks for degree students but none 
for diploma students. 

A detailed report on what is done during the industrial 
period is required by all universities and roost colleges. 



No additional comments are considered necessary: the table shows 
clearly the extent of any compulsory experience component in the 
O college curriculum. 
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10,3 COMPONENTS CONCKRNING PROFESSIONAL RESPONSIBILITY 



TliXi^ mutcr^ui h^o bevn coiu^idered extensively in the 
curriculum chapter and it is sufficient at this stage to list 
the mam points: 

a) Despite the claimed influence of the Institution 
of Engineers on college curricula one C.A#E« was 
unaware of this requirement and two others made 
no provision in their diploma course. One 
university made no provision. 

b) The 'subjects' offered ranged from specific courses 
on 'environment* to courses on sociology, psychology 
and liberal studies. 

c) Many subjects were offered through lecture courses ^ 
although student participation in discussion, if 
not in decision making activity, occurred in others. 

d) Several colleges mentioned, and we emphasised, that 
this type of material is not taught in the usual 
sense by specific courses but is an attitude 
inculcated by lecturers throughout a total programme. 
Teachers, however, traditionally teach "subjects'* at 
the post primary level and it may be difficult in 
practice to create a teaching situation in which these 
supplementary aims intended are achieved without 
deliberate, conscious, continuous effort. 



coNCLDSio:: 

''*he generally accepted criteria of a profession have been 
stated, and those criteria relating to real work experience, and 
professional responsibility have been studied in relation to present 
day civil engineering and student courses in civil engineering. 
The background to the use of the adjective professional with the 
word engineer has also been examined. It is difficult to see how 
the majority of civil engineers can exercise professional 
responsibility in the traditional sense of the word* Moreover, 
it is not possible to conclude from the evidence that students 
receive sufficient training in practice before receiving their 
degree or diploma and that they are made fully aware of the 
traditional implications of the adjective professional. 
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11 • a:v.\m:j2o aj^d opinions, about civil engineering training 
:^sv£alsd during course of study 

rul- ^Ol:i•:CS/; 'OS COMMENT 

During the progress of the work many people in industry and 
academia passed comment on particular aspects of vocational training 
they were associated with or informed about • Many commented on the 
prouucti: of vocational training, others on some particular aspect of 
the OiVil en.^;ineeriag industry. In many instances these comments were 
recordea, for example^ if they occurred during an interview^ In other 
cases respondents commented on some part of the questionnaire or on a 
subject thvit concerned them mentioned in the questionnaire • Over the 
courr^e of two years these comments and remarks became sufficiently 
large in number to justify some organized reference to them in this 
report • 

11>a. ACADEMIA 

Many are concerned with the relevance or lack of relevance of 
engineering training at all levels, to engineering practice. Many are 
aware of the problems :iSiiociated with re-designing curricula and the 
tim- ani expense involved. Many are concerned about the overall 
subject of manpower planning. By far the biggest hurdle to overcome 
IS the tremendous inertia inherent in the existence of long established 
orf^anizations "und systems, i.e. traditional attitudes. This is not 
novel ochou* for example has written at length on the problems 
:M33-jcl3.t^yi with innovation in industry. It is apparent that the 
probi^ns are similar in academia, and in fact innovation in education 
may be harder to achieve than innovation in industry. This does not 
deny that many in education see innovation as desirable, the problem, 
H^: iiiA/ayt';, is how can it be brought about? The value of this present 
;3tudy i:,ay c.u^)e rf icially reside in the report and the quality of its 
tabuiation:: , but its real value is whether it can be used to bring 
arout <rvvvi to a minor extent, innovation in the field of civil 
enf;] rieerin^^ Iraiiiing. 

11.3. INDU.^^TRY 



.;.oTie senior men in industry implied it took, say, two years to 
turn a raw civil engineering graduate into a useful member of their 
or/^^nization. Fact or attitude? It was difficult to decide, but 
there wa.', oufficient dissatisfaction expressed to raise doubts 
concerning the relevfimce of current civil engineering training* As 
mentioned earlier in this report there was a great deal of interest 
sho//i. by industry in the project, interest In the civil engineering 
technician as A'ell as the engineer. However, much of the comment 
concernod the poorer provision of facilities for training the engineer 
.vho wanted to follow a career in construction compared with the 
provision of facilities for those intending to follow a career in 
d^-:ji>T/i. One correspondent holding a senior position with a large 
con.-: true tion company said there is a great need in the industry today 
for men who have been able to combine tertiary education with practical 
training*'. He then expressed the view that the N.S.W. Institute of 
Technology Civil Engineering diploma course fills a gap. 



The subject of mathematics frequently arose, the view being 
expressed that excessive time was devoted to teaching (and learningl) 
the more advanced mathematical techniques and that basic maths was 
FR?C that was needed in practically all civil engineering. It was not 

Bi^sa possible to determine specifically what basic maths were, as distinct 



tbey «ere aasoeiated iiith or iaformd about# Maiiy cocmested os^^ t^^^ - 
prouucta of vocational training, others on some particular aspect of 
the civil engineering industry* In many instances these comments were 
recorded, for example, if they occurred during an interview* In other 
cases respondents commented on some part of the questionnaire or on a 
subject th:it concerned them mentioned in the questionnaire* Over the 
cour;.ie oi* two yeurG these comments and remarks became sufficiently 
large in number to ju.'tify some organized reference to them in this 
report. 

V] * J , ACADEMIA 

Many are concerned with the relevance or lack of relevance of 
engineering training at all levels, to engineering practice* Many are 
aware of the prooleii^ dissociated with re-designing curricula and the 
ti.ii- aaa expeni^e involved. Many are concerned about the overall 
subject of ffianpoiarer planning. By far thr» biggest hurdle to overcome 
Lr. the tremendous inertia inherent in th^^ existence of long established 
or^^anizalions uaii systems, i.e. traditional attitudes. This is not 
novel Jchoii* for example has written at length on the problems 
ao. - jl^it -a wiiih innovation in industry* It is apparent that the 
probI?;»s are similar in academ a, and in fact innovation in education 
may be harder to achieve than innovation in industry* This does not 
ieny that many in education see innovation as desirable, the problem, 
1.: '^i^.iys, is how can it be brought about? The value of this present 
:>tudy j:-ay :.u^)e rf icially reside in the report and the quality of its 
tat.uiatioa:: , but its real value is whether it can be used to bring 
arout. vvori to a minor extent, innovation in the field of civil 
en^i net^i'in*: L raining. 

^orv.e .senior men in industry implied it took, say, two years to 
turn a A*aw civil engineering graduate into a useful member of their 
or^^Hniz-itiini. Fact or attitude? It was difficult to decide, but 
there wa- jAfficient dissatisfaction expressed to raise doubts 
concerning the relevance of current civil engineering training* As 
mentioned earlier in this report there was a great deal of interest 
.shoA':. Lv industry in the project, interest in the civil engineering 
technician as well as the engineer. However, much of the comment 
concern^i the poorer provision of facilities for training the engineer 
.vho wanted to follow a career in construction compared with the 
provirion of facilities for those intending to follow a career in 
Une correspondent holding a senior position with a large 
con.nruction company said *Hhere is a great need in the industry today 
for men who have been able to combine tertiary education with practical 
tr3i^inp;^^ He then expressed the view that the N.S.W. Institute of 
TechuoloKy Civil Engineering diploma course fills a gap*** 

The subject of mathematics frequently arose, the view being 
expressed that excessive time was devoted to teaching (and learningl) 
the T.ove advanced mathematical techniques and that basic maths was 
all that was needed in practically all civil engineering. It was not 
poBisible to determine specifically what basic maths were, as distinct 
from **Mdvanced techniques*^. The Task Analysis questionnaire subdivided 
the cubj^jct of Mathematics into three items - basic algebra, geometry 
and tr : /^onome try ; calculus; and numerical methods. The results to the 
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question on ma thematic a showed that whilst practically all engineers 
used basic algebra, geometry and trigonometry only about half used 
calculus, and rather less than half used numerical methods. The 
subject of the usefulness of mathematics is a controversial one. To 
many it is redolent of the cabalistic mysticism of the medieval ages, 
to others the only subject worth teaching in technological courses. 
It is a very eaoy an^ inexpensive subject to teach compared with 
th^ problerrs of organising meaningful practical work. Perhaps the 
place of mathematics and the role it plays in the course is due for 
re-evaluation. As things are at present the view could be taken 
that the more complete mat^iematics courses taught at high schools in 
N.5.W. must provide nearly all the basic algebra, geometry, trigo- 
nometry and calculus re<iuired for the majority of engineers in 
practice. 

At the other but no less important end of the training 
spectrum a construction company wrote "one of our cci*tinuing problems 
is to find suitable and experienced foremen capable of controlling 
projects in the general range Si 00, 000- $500, 000. The majority of 
our foremen have been trained by ourselves, having initially started 
as labourers, operators, or leading hands. We feel there is a 
definite need for some form of training scheme for such foremen, as 
they are always difficult to obtain". 

Summarising, it can be said that industry expressed itself 
freely, but there was more dissatisfaction concerning the training 
of engineers and foremen for the construction industry than there 
was about the training for those following a career in design. 

Some dissatisfaction was expressed by respondents in free 
comment, the genera\ view being that existing courses tended to be 
biased towards the theory of design, that "design for simplicity, 
spopd and economics" was omitted, and that, in general, attention to 
construction suffered. For example, one respondent wrote "Modern 

courses virtually ignore the levels of trade knowledge and 

detailed construction procedures which are essential knowledge for 
several years of a construction engineer's life". Another wrote that 
the Task Analysis Questionnaire itself was biased in the direction 
of design and insufficient questions about construction had been asked. 
Another pointed out that we had not allowed for the "work of a 
contracta engineer (which) does net readily fall into the categories 
stated" in our questionnaire. We were aware of this problem at the 
outset, and of the growing importance today of the project engineer 
or min':*^er. This same respondent concluded "In my opinion a civil 
engineering degree course should apply equal weight to the following; 

1) Training - provide sufficient knowledge in current design and 
con.-truction methods to be immediately useful to the CE. industry. 

2) Education - to provide trained and inquisitive minds to cope with 
the inevitable changes that will occur over the lifetime of the 
student." 

If one is tempted to conclude that the two topics, design and 
con£;truc tion are separate and unrelated, some respondents would dis- 
agree and specifically requested that design instruction become closely 
integrated with construction methods, implying perhaps that you cannot 
design well if you ure unfamiliar with the restraints imposed by 
the construction methods available and used on site. 
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r-f)ortinf2; many views expre;5sing dissatisfaction of one 
it ov another it can le eaid that we have over emphasised 
di ;5..-itisfac tion. Many people we spoke to, jtiany respondents, and 
otht»rs iid not express di isatisfaction. However, one roust relate 
6uch -x Inroad expression cf disaatisf ac tion about existing courses, 
with tno dlRcusiiion that has and is still taking place all over 
ihe worl.i concerniug the defects of engineering training in this 
luttfT part of the twentieth century. The inevitable conclusion 
mur.t be that the ills and doubts about engineering education at 
all levels th it exist outside Australia's boundaries, also exist 
inside Australia. The next issue must be what is to be done to 
remedy the situation. 



12. HKCO>;yi£NjATIONo 



OUK OVKHALL KLiCOMK'riNDATION , WHIiH -VlLu BE EXPANl^ED FURTllEH 
HKLOIV, I.' T:iAT MOHF: .'HH.^-T ANTIAL EVIDHINC]'. OUGHT TO i'OIIGHT PKPOKn 
ADI.I J' 3:jAL COUHr.E.-; AHE INTKODUCED OR EXl.'.TING COURi^ES AHE LENGTHENED 
CONCERNING THE NEED THE COURSE SEEKS TO pILL AND ITS OVERALL AIMiJ 
AND 0:hJECTIV£S. AFTER INTRODUCTION EVIDENCE OUGHT TO BE SOUGHT 
COrJCERNING HOW FAR THESE AIMS AND OBJECTIVES ARE ATTAINED. 

12.1 . J'URVEY TECHNIQUE 

Few studies of the links between jobs and courses of study 
relating to those jobs seem to have to taken place. One of the 
reasons for this may be the length o/ time it takt*s to carry out 
ouch a study. Even with the benefit of hindsight it would be 
possible to reduce the time spent on the present study by only a small 
fraction. Furthermore this present study deals with only that part 
of the total exercise of re-designing a vocational curriculum based 
on evidence or information provided by exfiunination of the tasks 
concerned in the practice of that vocation. Both during and after re- 
designing, the new curriculum needs to be evaluated, and the feedback 
used to modify or amend the design. In all therefore, a considerable 
expenditure of man-hours is involved in the re-design of one 
vocational curriculum. 

Another problem also exists in the nature of the interface 
between industry and acaderoia. Persons become absorbed in either one 
or tnp otner, they may change fron one to the other, but few attempt 
to k'-ep 'A foot in both camps. For those few who have attempted to 
reconcile both camps t)ie dichotomy appears frequently to produce a 
sort of hybrid, although perhaps not a dangerous mutant, in danger of 
rejection by both. Experience throughout this study has sho*n that 
this interface is real. In case this is taken as a criticism of 
ind-ictry's attitude to the project it must be emphasised that excellent 
co-oferation ana assistance were, in almost every instance, extended 
without question, and interest was at a high level. 

A major hurdle we h- d to overcome irt this projoct was the lack 
of d'ita about the civil engineering population. Collecting this data 
qbEorbed d large amount of the allocated resources. Apparently this 
is not an unusual problem, although in this instance the diverse nature 
of the civil engineering population may have made it larger and more 
difficult. Where a sjr.-ill homogeneous population exists as we found in 
the case of the construction foremen, quantifying it and sampling it is 
consiierably easier, and therefore quicker and cheaper. 

Two of the instruments designed for probing the population 
wer*i complex and one was simple. The complex were comprehensive by 
intention, the view being adopted that if one is mounting a test it is 
bettor to collect more data rather than less. We were well and truly 
in the 'more data' category, (although all of it was important) and 
fchi;; brought in its train the problems associated with examining large 
quantities of data. It is not possible to merely feed the data to a 
comfjut<;r in the expectation that right answers «i 11 automatically be 
produced. The examination of data is more complex, and the computer 
but one of the tools used. In the case of this study we were able 
in the time available and without writing our own sp-irific programmes, 
to carry out only a first broad sweep of the data. Smaller more 
selective probes of the data could usefully be made. 
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12.1 . SURVEY TECHNIQUE 

Few studies cf the links between jobs and coursea of study 
relat, irni to those jobs seem to have to tak»¥n place. One of tht* 
reaconti for this may be the length of time it tak.«8 to carry out 
auch a study. Even with the benefit of hindsight it would be 
pos ^iblt" to reduce the time spent on the present study by only a small 
fraction. Furthermore this pref5e.;t study deals with only that part 
of the total exercise of re-designing a vocational curriculum buised 
on e/idence or information provided by examination of tho tajiks 
concerned in the practice of that vocation. Both during and after re- 
designing, the new curriculum needs to be evaluated, and the feedback 
uiied to modify or amend the design. In all therefore, a considerable 
exrenditure of man-hours is involved in the re-design of one 
vocational curriculum. 

Another problem aliio exists in tiie nature of the interface 
between industry and acaderala. Persons become absorbed in either one 
or tii<^ other, they may change from ona to the other, but few attempt 
to k-ep a foot in both camps. For those few who have attempted to 
re^'oncile both camps tJie dichotomy appears frequently to produce a 
r.iirt of hybrid, although perhaps not a dangerous mutant, in danger of 
rejection by both. Experience throughout this study has Gho*n that 
this interface is real. In case this is taken as a criticism of 
indactry's attitude to the proj*»'*t it must be emphasised that excellent 
co-ope ration ana assistance were, in almost every instance, extended 
without qu»=^stion, and interest was at a high level. 

A major hurdle "We h- d to overcome in this i^iojoct A/ae the lack 
of dUa about the civil engineering population. Collecting this data 
qbforbed a large amount of the allocated resources. Apparently thi.-s 
is fiot an unusual problem, although in -his instance the- diverse nature 
of tho civil enp^ineering population may have made it larger and more 
difficult. Where a .str- *11 homogeneous population exists aw we found in 
the cnr.e of t.ho construction foremen, qu-intifying it and sampling it is 
consiierably easier, and therefore quicker and cheaper. 

Two of the instruments designed for probing the population 
were complex and one was simple. The complex were comprehensive by 
intention, the view being adopted that if one is mounting a test it^is 
bettor to collect more data rather than less. We were well and trul-' 
in the 'more data' category, (although all of it was important) and 
thir: brought in its train the problems associated with examining large 
qu'iritities of data. It is not possible to merely feed the data to a 
computer in the expectation that right »newera will automatically bo 
produced. Tho examination of data is more complex, and the computer 
but one of the tools used. In the case of this study *e were able 
in the time available and without writing our own sp-.rific programmes, 
to carry out only a first broad sweep of the data. Smaller more 
selective probes of the data could usefully be made. 

Our recommendations are: 

1) Further work should be done to determine a model for the 
establishment or redesign of vocational curricula.* Such a 
model should include sub components for; 



• Much more attention ought to be paid to defining what the educational 
institution and particular curricula are attempting to achieve. We 
found considerable conflict in some cases between stnted aim and 
what appeared to be done to implement that aim. 
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A) a) r-ii^k 'iniiyi^js. 

b) I)ata in tr rpr- ill ion. 

H) Korm:<t:v'- t*v/iiu;4tion the unitt; jrodticed a result 

of vA) an i lAicn other a.^u^ots a^^ are consi'lerod important 
from con. n deration of genf^ral eductition. 

C) oummative evaluation - particularly the development of 
procedures for determining how effectively the airob of 
the curricula are being achieved* Objective evidence 
should be sought. (That students find employment may 
mean, unong other things, that their course was effective 
or that they were the best alternative available for the 
job to be done). 

2) Where professional institutions may have an influence on 

curricula the extent of this influence should be determined 
by obtaining a clear and specific statement of: 

a) the depth, breadth and quality of the initial 
educational requirements; 

b) the quantity and quality of the experience component 
preferably in specific check list items, required 
before admission lo full membership* 



Dccisioriii should then be made whether the professional 
institutions should be allowed to influence what are educational 
decisions. Meetings of all parties concerned should be held so 
that each party has a clear and specific knowledge of the 
various viewpuinte. 

5) BJffor"^;* *^hould be made to compile more substantial data 

^ anks con^, . the numbers currently encaged in various fields 

of employment at the following levels: 

A. a) Trade. 

b) Technician. 

c ) Engineer. 

Such categorization should preferably be madr on two 
distinct criteria (which may yield different results). 

&*a) t^ualif ications held and eligibility for professional 
r.tatus. 

b) Work actually dune. 



More 3ub»;tantial assistance ought to be forthcoming, as part 
of their laiscm d* '^tre from the professional institutions 
particularly with respect to 2#B(a). 



ENGINEEfl TRAINING 



We believe somr? thought is being given to extending the length 
of f-n^uneering courfse^: on the basi.-^ that there is so much information 
ani knowledge to absorb today that courses must be made longer to cope 
with thic. The view of many students is that three years in general 
IS ^l^eady lonr enough, ^^nd four years is too much. There seems a 
pronlem of maintaining interest. In addition our study has shown that 
the major deficiencies in past training have been content and skills 
concerned with management, costing and accounting, communication, ajid 



procedures for determining how effectively the aims of 
the curricula are being achieved* Objective evidence 
should be sought. (That students find employment may 
mean, among other things « that their course was effective 
or that they were the best alternative available for the 
job to be done). 

2) Where professional institutions may have an influence on 

curricula the extent of this influence should be determined 
by obtaining a clear and specific statement of: 

a) the depth, breadth and quality of the initial 
educational requirements ; 

b) the quantity and quality of the experience component 
preferably in specific check list items, required 
before admis^iion to full membership. 

Decision:; should then be made whether the professional 
institutions should be allowed to influence what are educational 
decisions. Meetings of all parties concerned should be held so 
that each party has a clear and specific knowledge of the 
various viewpoints. 

5) iiffort:.: nhould be made to compile more substantial data 

bGinkis cone . -r;r the numbers currently en^jaged in various fields 
of employment at the following levels: 

A. a) Trade. 

b) Technician. 

c) Engineer. 

Such categoriz-ition should preferably be mad> on two 
distinct criteria (which may yield different results). 

B. a) ^iUali f ications held and eligibility for professional 

;3tatus. 

b) Work actually done. 

More suh>5tantial assistance ought to be forthcoming, as part 
of their raison d* "^tre from the professional institutions 
particularly with respect to 2.B(a). 

ENGINEEH TRAINING 

We believe som-f thought is being given to extending the length 
of Hfif^neering cournei; on the basi.s that there is so much information 
ani knowledf^e to absorb today that courses must be made longer to cope 
with this. The view of many students is that three years in general 
is already lon^ enoagh, and four years is too much. There seems a 
pronlem of maintaining; interest. In addition our study has shown tnat 
the major deficiencies in past traininf^ have been content and skills 
concerned with management, costing and accounting, communication, and 
practical work, areas where further study is not contemplated in 
most programmes. 
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Our r^^coMinen jat i^nt^ are: 



1) A T.uc.i mcut' c '-ireful analyi:is be ioru^ on tlu> ;^-r».^Gent 
oorittuit of civil engiueerinf to determine the contribution 
each componeriL ni tk-*;^. either to the vocational or f^eneral 
.-duv-^ation uf : lu>i'^nt» P a*tii.*ul:ir att'^i;tio;i ou.-iht to \io 
paid to the Quality rather than the iiuanti ty of the learning 
experience and due- cognizance ought to be given to: 

a) Those comt:onents of theory necessary for the vocation either 
airectly or in the ca^^e of mathematici:^, for exanple, by 
their contribution to other theory. 

b) What it i^-; possible to teach under any circumr.tances. 

c) Arraiigeiaen t? as specified below for the more systetnatic 
integration of theory with practice to develop the practical 
performance and problem solving skills in real situations 

of students. 

2) Very serious attention be given to devising a course of 
study which in its later years involves attendance and 
involvement in real worA situations, similar to that existing 
in medical training. The teaching hosj^itals of the medical 
training would be replaced for the engineering training by 
^tate Government Departments. In Sydney, for example, there 
would be no problem in finding three N.S.W. Departments capable 
of contributing in a meaningful way to the training of civil 
engineers, and having sufficient resources to devote, with the 
Universities of Sydney* and N.S.W.', and The N.S.W. Institute 
of Technology, tc the task of devising a new complete course of 
study and training. Inasmuch as in N.S.W^ 48 per cent 

of civil engine-^rs are employed by State Government Departments 
it would not seem improper to consider this di^^ect involvement 
in tne training of civil engineers; it ie certainly not im- 
possible. A variation of the ^Uf^gested pattern could He an 
association .etAeen one or two of the large metropolitan local 
government civil engineering departments and Tne In^^tituze of 
Technology for example, but problems of arranging tho financing 
rri^rht arise ir^ this case. 

. o:. ooserv ^cio.* : can be made about the implications of the 
larn* diff rences between the tasks of civil engineers working in jobs 
lateilei *deoif^' and the tasks of those working in jobs labelled 
• cofiti true tion' . A study of the extent of common needs shows that 
only baeic maths, materials, and soils are common. Outside these 
topic L5 design engine** rc a^^e insinly occupied with problems of design - 
itructures and other works. Construction engineers are concerned 
with a wide variety of topics but design is of minor importance. This 
5up^re:.ts perhaps that on the assumption of traditional attendance 
patterns the first one or two years of the coarse should be devoted 
to topics common to both activities followed in the case of those 
intending to specialize in design by one year of design theory. 
Id^raliy, the equivalent of one year*n participation in real work 
nitu^itions in the design office of a iitate Government Department 
should be incorporated within the course in addition. For those 
intending to become construction engineers the fir^t two years of 
basic materials and soils could be followed by (or incorporated with) 
two years' real work involvement. At the end of the fourth year both 
r.treai»fc> cuuld spend a period say, of one semester, of intensive 
educatici*, training and exposure to accounting and costing ideas, 
management, and communication techniques. These being purposely placed 
at the end of the course when undergraduates would have acquired a 
clear notion of why the coure^ ^ere bein conducted for fhi^m. Gni»»'« ► 



a) Those components of theory necessary for the vocation either 
directly or in the case of mathematics, for example, by 
their contribution to other theory • 

b) What it is possible to teach under any circumj-^tance^. 

c) Mrrangements as specified below for the more Gystematic 
integration of theory with practice to develop the practica*^. 
performance and problem solving skills in real situations 
of students. 

2) Very serious attention be given to devising a courae of 

study which in its later years involves attendance and 
involvement in real work situations, similar to that existing 
in medical training* The teaching hosjiitals of the medical 
training would be replaced for the engineering training by 
J^tate Government Departments. In Sydney, for example, there 
would bn ^r^ problem in finding three N.S.W. Depv-irtments capable 
of contrxuating in a i/ieaningful way to the training of civil 
engineers, and having sufficient resources to devote, with the 
Universitiep of Sydney* and W.S.W-', and The N.S.W. Institute 
of Technolofej , to the task of devising a new complete course of 
study axid training. Inasmuch as in N-S.W. ^8 per cent 
of civil trngineers are employed by State Government Departments 
it would not seem improper to consider this direct involvement 
in the training of civil engineers; it is certainly not im- 
possible. A variation of the su^S^sted pattern could be an 
association between one or two of the large metropolitan local 
government civil engineering departments and The Int^titute of 
Technology for example, but problems of arranging thi^ financing 
might arise in this case. 

* o.re observations can be made about the implications of the 
larre diff rences between the tasks of civil engineers working in jobs 
labelled 'design' and the tasks of those working in jobs labelled 
*coni:truction* . A study of the extent of common needs shows that 
only basic maths, materials, and soils are common. Outside these 
topic;? design engineers are mainly occupied with problems of design - 
structures and other works# Construction engineers are concerned 
with a wide variety of topics but design is of minor importance. This 
sugs^ej^ts perhaps that on the assumption of traditional attendance 
patterns the first one or two years of the course should be devoted 
to topics common to both activities followed in the case of those 
intending to specialize in design by one year of design theory. 
Ideally, the equivalent of one year's participation in real work 
ni tuitions in the design office of a State Government Department 
should be incorporated within the course in addition. For those 
intending to become construction engineers the fir^t two years of 
basic materials and soils could be followed by (or incorporated with) 
two years' real work involvement. At the end of the fourth year both 
streams could spend a period say, of one semester, of intensive 
education, training and exposure to accounting and costing ideas, 
management, and communication ttfchniques. These being purposely placed 
at the end of the course when undergraduates would have acquired a 
clear notion of »vhy the courses were being conducted for them. Course 
planning may make it possible to arrange for this to be completed in 
four years rather than the kVz just outlined, and perhaps less as time 
went on. 



• It is recognized that these institutions lie outside the scope 
of the Commission. 
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Fur tiiO£>e wi;3hing to lollow careers in research or teaching 
the period of real work involvement would be invaluable experience. 

ia,3 > TECHNICIAN TR.\INlN(i 

The major net-d in technician training is for rationalisation* 
In the U.K« Haslegrave* has made recommendations concerning their 
training. The U.K. has the benefit of an existing structure of 
National Certificates to which the newer technician courses can be 
linked. However, in spite of this already existing national course 
structure particularly strong recommendations were made by Haslegrave 
for creation of a new co-ordinating body - a Technician Council* 
This report is worthy of study since it also deals with other importauit 
aspects such as keeping courses under review^ and transfer courses 
or bridging programmes. 

The desirability of having a nationally recognized structure 
of technician courses and awards is referred to in a report from 
Ireland** dealing with the training of technicians which states "A 
further serious difficulty in the task of raising the standards of 
technicians in Ireland is the lack of a nationally recognized 
technician diploma. The absence of such a diploma deters many parents 
from considering sub-professional technical careers for their children. 
This in turn leads to the presence of unsuitable students in university 
engineering and science classes. Many young people would be more 
suited to the role of the higher technician than to that of the 
technologist. Such a re-organization would have the attitional 
advantage of permitting a higher standard of work in university 
courses*' . 

In Australia the Snowy Mountains Authority early in its history 
had to face up to the problem of staffing this huge project and 
Leech ^ who was clo^^ involved with the training and use of sub- 
professional staff published a number of papers outlining his views and 
describing the methods he adopted to cope with the situation. 

Moran^ has reviewed the current situation in Australia and 
makes some international comparisons. However^ specific training for 
the sub-professional level throughout industry in Australia could not 
be naid to be widespread and the practice of up-grading tradesmen is 
still much used, frequently without additional trainings But there 
does appear to be a growing recognition of the valuable contributions 
that can be made by trained staff. 

Moran states further that '4t is con.sidered that training for 
sub-professional work should ideally be based on terminal- type certificate 
cours^^L., taken part-time, complemented by in-house training of a mox^e 
applied type and practical experience in the working environment for 
which the trainee is being trained". 

We have referred to the literature at this stage for two 
rea:;onb, one to present evidence on the desirability of a central 
national technician council, and two, to present some views on 
technician training and the need that may exist for more than one 
level of technician. 



♦ Ka^^le^rave, H.L* ^'Report of the Committee on Technician Court^es 
and Examinations". H.M-S.O. U.K. 1969. 
Q "Training of Technicians in Ireland". O.E.C.D. Paris, Dec. 1964. 
Et^C (One of the reviews of National Policies for Science and Education). 
Leech, T.D^J. "The training and use of sub-professional staff" 
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technologist. Such a re-organization would have the attitional 
advantage of permitting a higher standard of work in university 
courseG*' . 

In Australia the Snowy Mountains Authority early in its history 
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national technician council, and two, to present some views on 
technician training and the need that mtty exist for more than one 
level of technician. 



♦ Haslegrave, K.L- '^Report of the Committee on Technician Courses 
and Examinations". H.M.S.O. U.K. ^9G^, 
"Training of Technicians in Ireland". O.E.C.D. Paris, Dec. 196^1. 
(One of the reviews of National Policies for Science and Education). 
^ Leech, T.D.J. "The training and use of sub-professional staff" 

Journal of Institution of Engineers, Australia, 2I« Oct-Nov.1959 
pp. 2^7-259- 

Leech, T.D.J* "Adult training for sub-prof odsional work** Personnel 
Practices Bulletin , j^ VIl, June 196I, pp. 29-5^. 
/ Moran, P.V. "Engineering Suo-Professional i^ork". Journal of 

Institution of Engineers . Australia. June 1970, pp. 57-61. 
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The work of a central national technician council would be 
concerned with co-ordination and rationalisation. Some suggestions 
I'or reducin^T the number of certificate courses in civil engineering 
available in N.ii.W. have been made by Klaaiua' who proposed a single 
course with four option'?. 

Our main recommendation concerning technician training 
ariomg from our study is that: 

The present multiplicity of courses for the training of 
civil engineering technicians ought to be re-examined, in the light 
of our findings on the work done by technicians, to determine if 
a simpler structure of a single course with options is possible. Such 
a course should be established using the guidelines specified earlier 
for engineers. 

We were also convinced by respondents to our cjuestionnaire and 
by others at selectpd interviews that serious attention ought to be 
given to the eetabliehment of a National Co-ordinating body to determine 
the standards of technician certificates across the country. Parallel 
with this attempts should be made to stimulate the formation of a 
Technician Society or Institution on a national basis, which would 
concern itself with the status of technicians. Interaction between 
the two bodies would lead to an exchange of ideas on training, 
certificate course content and standards. Such a body would resolve 
some of the fears expressed by respondents concerning the relationship 
between current Certificate courses and the recently established U.GJ 
(B2) courses. One fear, however, is that such a body would in time 
become exclusive rather than inclusive. Avenues of progress from 
technician to engineer should al^o be established since we were not 
convinced on the basis of work done that serious barriers exist 
between the levels. Of value also in such activity would be the 
eventual clarification of the boundaries between engineer's and 
technician's work tasks. As we have said an area of overlap exists 
today and it is not easy to see where the boundary lies. 

^^.k, FUTURE work 

Attention has been drawn in the earlier paragraphs to some 
.specific work which needs to be done. Comment will be made in the 
following paragraphs to more general issues. 

Frequent reference has been made in this report to the fact 
that it has been possible to deal in detail only with Part A of the 
Research Plan, and this in a slightly incomplete and altered fashion 
from what was originally planned. Some thought therefore, must be 
fTivon to rounding off Part A of the Ree. arch Plan, and completing 
Parts B and C. 

In addition, as the work has progressed views have formed about 
so-ne other aspects of the work and ideas about further useful areas 
of study have arisen. These ideas can be loosely grouped into 
broad objectives and sp*-cific objectives. 

broad Objectives 

a) Related to civil engineering study 

Present work has concentrated on an analysis of civil 
engineering tasks at all levels and across all sections of 
civil engineering practice. Our attempt to survey the 
curricula in use in the C.A.E.'s across Australia has been 
limited to material we obtained from handbooks and material 
sent in response to personal letters. Much information was 



The present multiplicity of courses for the training of 
civil engineering technicians ought to be re-examined^ in the light 
of our findings on the work done by technicians, to determine if 
a simpler structure of a single course with options is possible. Such 
a cour:;.e should be established using the guidelines specified earlier 
for engineers. 

We were also convinced by respondents to our questionnaire and 
by others at selected interviews that serious attention ought to be 
given to the establishment of a National Co-ordinating body to determine 
the standards of technician certificates across the country. Parallel 
with this attempts should be made to stimulate the formation of a 
Technician Society or Institution on a national basis, which would 
concern itself with the status of technicians. Interaction between 
the two bodies would lead to an exchange of ideas on training, 
certificate course content and standards. Such a body would resolve 
some of the fears expressed by respondents concerning the relationship 
between current Certificate courses and the recently established U.GJ 
ib?.) courses. One fear, however, is that such a body would in time 
becom-? exclusive rather than inclusive. Avenues of progress from 
technician to engineer should al o be established since we were not 
convinced on the basis of work ds. le that serious barriers exist 
between the levels. Of value also in such activity would be the 
eventual clarification of the boundaries between engineer's and 
technician's work tasks. As we have said an area of overlap exists 
today and it is not easy to see where the boundary lies. 

^2,h. FUTURE WORK 

Attention has been drawn in the earlier paragraphs to some 
.specific work which noeds to be done. Comment will be made in the 
following paragraphs to more general issues. 

Frequent reference has been made in this report to the fact 
that it haG been possible to deal in detail only with Part A of the 
R-?search Plan, and this in a slightly incomplete and altered fashion 
froT what was originally planned. Some thought therefore, must be 
,-iv9.'i to rounding off Part A of the Research Plan, and completing 
Parts B and C. 

In addition, as the work has progressed views have formed about 
coT.e othyr aspects of the work and ideas about further useful areas 
of study have arisen. These ideas can be loosely grouped into 
broad objectives and sp'-cific objectives. 

^^jJij^' broad Objectives 

a) Related to civil engineering study 

Present work has concentrated on an analysis of civil 
engineering tasks at all levels and across all sections of 
civil engineering practice. Our attempt to survey the 
curricula in use in the C.A.E.'s across Australia has been 
limited to material we obtained from handbooks and material 
cent in response to personal letters. Much information was 
also obtained in this section from the study of Home and Wise. 



* Klcimus, N.G., loc . cit. Chapter 9« 

Home, B.C. 8e Wise, B. , "Learning and Teaching in the C.A.E.'s"., 
1969. 
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It it' cieaf, t.oAover, that oniy an imperfect picture can be 
built from ^xxch procedure's and a more syi^tematic s^'arch for 
curriculum ai^.j, implernentatiou and evaluation would require 
pt rsonal vii:ils to each institution. We believe that a 
study for a tielw?ct»>d area such as civil engineering would 
yield con£ i si^M- ! * ben^^fitj. Mo^>t institutions we contacted 
are searching for a^sitatance on systematic curriculum 
development procedures and such defects as we have noted 
are due, in part, to lack of effective guidance. 

b) Oth*?r fields of study. 

Apart from cxvix engineering the experience gained in the 
current study could oe utilised to tackle better another 
vocation, e.g., chemical engineering, accounting, commerce^ 
ur business in general. Of particular relevance today is the 
subject of business. Courses aimed at preparing students for 
business are available but one wonders how these courses 
relate to the tasks the students will later be asked to tackle, 
how the various curricula were developed, and what the objectives 
were . 



12,4. 2, Specif ic Objectives 




a) Connected with civil engineering study generally. 

The large number involved in civil engineering (around 25fOOO 
in total for Australia) and the difficulties en^-ountered in 
obtaining a detailed stratified breakdown of the population 
on which a sampling procedure could be based, prevented the 
study from being carried out across Australia. A 
check should be made when data become (or are made) available 
to determine if the data collected for N.S.W. are representative 
of Au;3t^al- t a whole. 

Before collection of statistics about civil engineering 
^started a model auc developed which was thought to fit the 
.structure, or most nearly approximate the structure of the 
industry as a whole. The model was essentially traditional 
in nature and some defectt^ were expected. As the study 
progressed some defects were detected. Fortunatel." these were 
not GO large as to upset markedly the study. The project 
engineer has been with us a long time but he seems from the 
data we collected to be increasing in numbers at the present 
time. Project engineers do not neatly fit into a design or 
construction or feasibility study category, rather they straddle 
all three activities and are involved in all three activities. 
Traffic Engineering, an increasingly important activity was 
ai3o not specifically included in our model. Some more 
detailed attempt could be made to verify the accuracy of the 
model that was used as a basis for investigating the 
quantitative nature of the civil engineering population. 

b) Connected with the in^^truments. 

One of the defects with the current task analysis ^questionnaire 
has been our inability to define technical work activities in 
anything but the jargon of the 'standard' civil engineering 
curriculum. Some attempt should be made with a small sample , 
to define Work activities in term© of the operational objectives 
and actior.H. For example, in panel beating, a tradesman will 
take a hammer and beat the metal of the mudguard or wing with 
the intention of hammering out a dent and restoring the 
nnrv^ t.iiT'A of the \ta^ to ^t^ or^ na'^ f^t tf^ ^h^r^^ no 
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a) Connectvl with civil engineering study generally. 

The large number involved in civil engineering (around 25fOOO 
in total for Australia) and the difficulties encountered in 
obtaining a detailed stratified breakdown of the population 
on which a sampling procedure could be based, prevented the 
iitudy from being carried out across Australia. A 
rieck should be made when data become (or are made) available 
t«> det^rmin^^ if the data collected for N.S.W. are representative 
of Au^tr-al. i v.'. a ivhole. 

Before collection of statistics about civil engineering 
started a model .vfis developed which was thought to fit the 
ijtructure, or most nearly approximate the structure of the 
iniiustry as a whole. The model was essentially traditional 
In nature and some defects were expected. As the study 
progressed some defects were detected. Fortunately these were 
not so large as to upset markedly the study. The project 
engineer has been with us a long time but he •seems from the 
data we collected to be increasing in numbers at the present 
time. Project engineers do not neatly fit into a design or 
construction or feasibility study cato^^ory^ rather they straddle 
nil three a::tivitic»s and are involved in all three activities. 
Traffic Engineering, an increasingly important activity was 
aiiio not spt^ jif ically included in our model. Some more 
detailed attempt could be made to verify the accuracy of the 
model that was used as a basis for investigating the 
quantitative nature of the civil engineering population. 

b) Connected with the in;3trumen ts. 

On^ of the d«?fertt5 with the current task analysis q^uestionnaire 
huo been our inability to define technical work activiti'>s in 
t^nything but the jargon of the 'standard* civil engineering 
curriculum. Some attempt should be made with a small sample ^ 
to define work activities in terms of the operational objectives 
and actiofiS, For example^ in panel beating, a tradesman will 
take a hammer and beat the metal of the mudguard or wing witA 
the intention of hammering out a dent and restoring the 
curvature of the metal to its original state. There is no 
reference here to kinetic energy ♦ properties of materials, or 
levers/mechanisns ^ etc . 



ERIC 



no. 



The task analysis questionnaire more nearly approached 
operational form in the non-technical activities examined, 
but the weakness lay in these being divorced from the 
technical activities which «ere described mainly in non- 
operational terms. Ideally then one should ask engineers 
and technicians to nominate lists of skills they use in 
their jobs. At the same time some attempt should be made 
to get nearer to the concept of actually observing and 
detailing the tasks involved in the different jobs: 
discussion with the task performers would also be necessary. 
A list of tasks performed and skills used, similar to that 
produced by Youngman* for workers in an engineering factory 
could thereby be constructed. This procedure is much easier, 
of course, if the job involves a hi^ manual skills component. 

In the original plan of the study it was intended to use 
structured interview techniques but these were dropped because 
of lack of resources. A case could be made for continuing the 
present study using the structured interview procedure to 
check the results obtained by use of the mailed questionnaire. 
Our current knowledge of the industry and its areas of 
specialisation would enable relatively sophisticated inforraati 
to be obtained from a comparatively small outlay. 
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A list of tasks performed and skills used, similar to that 
produced by Youngman* for workers in an engineering factory 
could thereby be constructed. This procedure is much easier, 
of course, if the job involves a hi^ manual skills component. 

In the original plan of the study it was intended to use 
structured interview techniques but these were dropped because 
of lack of resources. A case could be made for continuing the 
present study using the structured interview procedure to 
check the results obtained by use of the mailed questionnaire. 
Our current knowledge of the industry anf^ its areas of 
specialisation would enable relatively s< )histicated information 
to be obtained from a comparatively small outlay. 



• Youngman, M.B. A first classification of engineering abilities, 
Report 1. Industrial Traini'ig Research Project, 
Dept. of Employment, University of Lancaster, U.K., 
August 1971. 



CORRIGENDA 



p. 11+ line 1. "couXd" should read "would" 
p. 27 line 5. "retrun" should read "return" 

p. 31 line 6 of section 5>.2.?., "limited" should read "limiting" 

P'^^ I both Table 5.2.3.2. and Table 5.2.3.3. have been unnecesarily 

I repeated, 
p. 3^ ) 

p. 68 line 1. "eighty" should read "sixty- three" 

p. 68 line l8 of section 8.1.5.1. t "giben" should read "given" 

p. 68 category 5 of Table 8.1.6. should read "Structural eng. 

cert, and drafting cert." instead of "Engineering survey 
cert." 

p. 69 Table 8.1.?., all figures under columns 6 and 7 should be 
transposed. 

p. 70 line 17 of section (i+), "pattersn" should read "patterns". 

p. 102) These two pages are wrongly numbered and should be read in 
p. 103) the order p. 103 first followed by p. 102. 

p. 115 line 6 of postscript, there should be no commas around 

"intended". 
p.12'* line 31, "board" should read "head". 

p. 136 line 14 of section (3), "2.B.(a)" should read "3.B.(a)" 

p. 138 line 21 of section 12.3., "attitional" should read "additional" 

A separate corrigendum dealing with some of the Tables in 
Appendix 8 is given on p. 4. of Appendix 8. 
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TASK ANALYSIS QUESTIONNAIRE • 
- BASIC DATA CONCERNING RESPONDENTS. 



The total response to the questionnaire seeking information on 
the tasks associated with the jobs of engineers and technicians working 
in civil engineering was 331. The first page of this questionnaire 
sought information for each subject on where he worked, the type of work, 
the title of his job, his age, qualifications and years of work in his 
present job, etc. This information categorised the subjects on the basis 
of the model of civil engineering developed for the study. 

Some salient features of the group of 331 subjects are given in 
the following tables 1-1^. 



TABLE A1.1. AGS DISTRIBUTION 



Age 


All Subjects % 


Engineers % 


Technicians 
• 


% 


20-25 


76 


25% 


27 


1 3% 


^9 


38% 


26-50 




28 


55 


?8 


>8 


29 






13 


50 


15 


15 


;o 


i 




13 


52 


16 


10 


S 


j '♦i-^b 


33 


10 


2k 


12 


9 


7 


^<^.-50 


18 


5 


15 


7 


3 


2 


51-55 


15 


5 


10 


5 


5 


k 


56-60 


8 


2 


6 


3 


3 


2 


> 60 


3 


1 


2 


1 






TOTAL 


331 


201 


130 
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♦ Labelled "Survey Schedule" for field work. 



TABLE /I1.c\ , DISTRIBUTION OF LEVELS OF ENGINEERS AND TECHNICIANS WITHIN 
feAfcrt AGE ORbtiP (amplification OF TABLE ^) 



Age 


Engineers 1 


Technicians 




1 


c. 


? 


L 
f 


PofAl i 




A 


7 


Total 


20-25 






9 


18 


27 


7 


29 


13 




26-30 




11 


21 


23 


55 


12 


26 


- 


^0 


31-35 


2 


9 


8 


10 


29 


8 


5 


- 




36-UO 




13 


8 


7 


32 


6 


5 




1 1 


^♦1-1*5 


2 


6 


10 


6 


24 


2 


7 


- 


9 


^♦6-50 


1 


3 


6 


5 


15 


3 






3 


51-55 


1 


i* 


2 


3 


10 




1 




5 


56-60 


1 


2 


2 


1 


6 


2 






2 


> 60 




1 


2 




3 








0 


TOTAL 


11 


1 ^9 


68 


73 


201 


1 kk 


73 




130 



• The various levels 1-7 shown are categories of engineers and technicians 
ranging from senior engineers in organisations through to recently 
qualified engineers (levels 1 4) and from senior technicians to 
Junior technicians (levels 5 ^ 7)» 



TABLE AU3. DISTRIBUTION OF SUBJECTS OVER TYPE OF EMPLOYER 



Employer 


Number of Subjects 




Commonwealth Government 


12 


3 


State Government 


119 


36 


Local Government 


85 


26 


Consultants 


73 


22 


Contractors 


38 


11 


General Industry 




1 


TOTAL 

^ ^ — . 


351 


100?& 
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TABLE A 1.4, AGE DISTRIi-^UTION OVER EACH TYPE OF EMPLOYER 





Employer 




Age 


C'th 


Govt, 


state 


Govt] 


Local 


Govt, 


Conijul tant;: 


Contractors 


Cer 


I. Ind, 




2 


17% 


( 

26 1 


22% 1 


16 


19^ 


24 


33% 


1 

8 


21% 


- 






5 




39 




20 

1 


2h% 


20 


26% 


10 




- 




p 


3 


23% 


9 


mi 1 


8 


9% 






Q 

y 


2?% 


3 


75% 








15 




17 




7 


10% 


4 


11' 












10 




1? 




7 


10% 


2 


5% 


1 


25% 


46-50 


1 


8% 


10 


8% 


4 


5% 


2 


3% 


1 


3% 






51-55 






6 


5% 


4 


5% 


2 


5% 


5 


8% 












4 


5% 


2 


2% 


1 


1% 


1 


3% 






> 60 


1 


8% 






1 


1% 














Sub-Total 
Total 


12 


100% 


119 


100% 


85 


100% 


73 


100% 


58 


1C0% 


4 


100% 
331 



On the evidence provided by the above table General Industry wat. 
excluded from all further considerations m the analy.sic of the data. 

TABLE A1 ,5. TYPE OF WOKK DISTIUBUTIQN (MAIN ACTIVITY) 



Type of Work 



Number of Subjcctc 



1. Design 

2. Construction 

3. Maintenance 

4. Feasibility Studies 

5. R 8t D/Inveetigational 

6. Sales 

7. Design and feasibility 

8. Construction and Maintenance 

9. 7 8 



TOTAL 
I 

L 
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■158 
90 
10 
13 
25 
3 
1 



?2 



331 



^♦7% 
27 
5 

8 
1 



3 
7 

100% 



TABLE A 1.6, AGE DISTRIBUTION OVER EACH CATEGORY/TYPE OF WORK 





Category /Type of Work 






2 


3 


I* 


5 


6 


7 


6 


9 


Age 


)esign 


Constr . 


Mamt. 


Feasib* 


n & D 




iies/ zeas • 


Const/ 
Maint. 


7 & 8 


20-25 


^5 


15 


3 


2 


If 


- 


- 


3 


3 


26-30 




30 


3 


6 


3 


- 


- 


1 


5 


31-55 


18 


13 


- 


2 


if 


3 


- 


1 


3 


«^ J rs 


20 


lit 






3 


- 


1 




5 


1 - f5 


li* 


8 


2 


1 


if 






2 


2 


^♦6-50 


6 


2 




1 


2 






1 


if 


51-55 


3 


7 




1 


2 






1 


1 


56-60 


3 


1 


1 




5 








- 


> 60 


1 




1 












1 


Sub-To 


>tals 
















2if 




158 


90 


10 




25 


3 


1 


9 


Totals 




331 



TABLE A1,7« TYPE OF >,UALIFICftTION 



Qualification 


Number of Subjects 


- B.E* (Civil) 


81 


Diploma-engineering 


37 


■ B.Sc* (Civil Engineering) 


20 


j Degree - other 


13 


Professional Inst* qualification 


5 


1 Local Government certificate 


lif 


Diploma - other 


5 


Structural engineering certificate 


21 


Engineering surveying certificate 


28 


^ Drafting certificate 


lif 


j Materials testing certificate 


if 


- Certificate - other 


36 


1 

. No qualification 


^5 


- No answer 


8 




331 























20-29 




15 


3 


2 


If 


- 


- 


3 


3 


26-30 


ii6 


30 


3 


6 


3 


- 


- 


1 


5 


31-35 


18 


13 


- 


2 




3 


- 


1 


3 


36.itO 


20 


14 


- 


- 


3 


- 


1 


- 


5 




^k 


8 


2 


1 


If 


- 


- 


2 


2 


1*6-50 


6 


2 


- 


1 


2 


- 


- 


1 


If 




3 


7 


- 


1 


2 


- 


- 


'1 


1 


56-60 


3 


1 


1 


- 


5 


- 


- 


- 


- 


> 60 


1 • 




1 


- 


- 




— 




1 






















Sub-Totals 
















24 




158 


90 


10 


13 


25 


3 


1 


9 


Totals 


331 



TABLE A1. 7. TYPE OF yUALIFICATION 



1 

1 Qualif icatian 


Number of Subjects 


B.E. (Civil) 


81 


' Diploma-engineering 


37 


B.Sc. (Civ^l Engineering) 


20 


Degree - other 


13 


Professional Inst, qualification 


5 


Local Government certificate 


lif 


Diploma - other 


5 


Struotural engineering certificate 


21 


Engineering surveying certificate 


28 


Drafting certificate 


l^f 


Materials testing certificate 


if 


Certificate - other 


36 


No qualification 


^3 


No answer 


8 


TOTAL 


331 







ERIC 
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TABLE A1,8. . TYPE OF QUALIFICATION OVER CLASSIFICATION AS ENGINEER 
{Mm ^-h) AN^ g^ECMtjictA^^LfeVELS 5177 





Engineer 


Technician 




Level 1 


2 


3 




5 


6 


7 


Total 


B.E. (Civil) 


2 


^ Q 


2o 


33 








0 1 


Diploma-Engineering 


2 


9 








•1 
1 




> r 


B.Sc* (Civil Engineering 


1 


3 


10 










OA 


Degree - other 




? 


7 


2 


1 






>^ 


Prof, qualification 




1 


2 


2 










Local Govt. Certificate 


6 




3 


1 


" 








Diploma - other 
* 




1 


2 


2 








5 


Struct* Eng# Certificate 


— 




• 




8 


11 


2 


21 


Eng. Survey Certificate 






1 


5 


5 


19 




28 


DT*flf*t CftT^tifieate 


- 


- 




1 


3 


9 


1 


^k 


Mats, test. Certificate 


















Certificate - other 




2 


5 


10 


10 


9 


mm 


36 


No qualification 




2 




3 


13 


18 


9 


^5 


No answer 
















8 


TOTAL 




21 


1 






130 




332 



TABLE AI.9. EMPLOYER CATEGORIES SPLIT OVER ENGINEER AND TECHNICIAN CLA;:SIFICATIONS 



I 

Employer 


Engineer 


Technician 




Level 1 


2 


3 


k 


5 


6 


7 


Total 


C 'wealth Government 






7 


3 


2 






12 


1 

- State Government 




10 


26 


27 


19 


35 


2 


119 


j Local Government 


7 


25 


12 


13 


12 


15 


1 


85 


j Consultants 


2 


7 


14 


12 


8 


20 


10 


73 


' Contractors 


2 


6 


9 


15 


3 


3 




38 


Gottor'jl Industry 


1 






3 








k 








68 


_73^| 


Mil— 






331 






201 




130 
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TABLE A1.1C, . TYPE OF WOSK SPLIT OVER ENGINEER AND TECHNICIAN CLASSIFICATIONS 



Type of Work 


Engineer I 


Technician 




Level 1 




3 




5 


O 


7 


Tota: 




yesign 


1 




23 


21 


25 


61 


12 


158 


2 • 


Construe tion 


3 


18 


29 


26 


8 


6 




90 


3. 


Maintenance 




3 


3 


2 


1 




1 


10 


4. 


Feasibility studies 






5 


5 


2 


1 




13 


5. 


R & D/Inves tigationa 


1 


L 




7 


6 






25 


6. 


Sales 


1 






2 






- 


3 


7. 


De&ign & feasibility 


1 








- 




- 


1 


8. 


Constr* & Maint. 


1 


3 








1 




Q 

7 


9. 


7 & 8 


5 


5 


3 


6 


2 


1 




22 






^2 




68 


_7^ 






13_^ 










201 






130 




331 



TABLE A1.11. COMPOSITE TABLE SHOWING ENGINEERS AND TECHNICIANS OVER TYPES 

OF WORK AND EMPLOYgRS" 









Employer 




Type of Work 


< 


1 ♦wealth 
Govt. 


State 
Govt. 


Local 
Govt. 


Consul- 
tants. 


Contra- 
ctors. 


General 
Indu. 


Total. 


1 • Design - 


Engrs • 


2 


17 


15 


2^1 


1 


1 


60 




Techns 




h^ 


20 


37 






98 158 


2* Construction 


Engrs • 


2 


23 


18 




29 




76 




Techns 




6 


3 




5 




14 90 


3# Maintenance 


Engrs , 
Techns 




6 
1 


2 
1 








8 

2 10 


4, Feasibility 
Studies 


Engrs • 
Techns 


1 


2 
1 




5 
1 


2 
1 




10 
3 13 


R&D 


Engrs . 
Techns 


2 
2 


10 
7 


3 


1 




mm 


16 

9 25 




Engrt* • 
Techns 












3 


3 

3 



2. 




✓ 


1^ 
f w 


cry 




ft 








3. 


Na i & t e na nc e 








2 


1 




i 


10 




Faaslbility studies 






5 
✓ 


5 

✓ 


2 


1 




13 


5, 


R & D/Inves t iirationa 






✓ 


7 


6 






25 


6. 


Sales 








2 








3 


7. 


Desiffti & feasibilitv 
















1 


8. 


Constr. & Maint. 


1 






• 








9 


9. 


7 & 8 


5 


5 


3 


6 


2 


1 


- 


22 






lift 

HO 


Aft 


7^ 


liii. 






331 




201 






130 





TABLE A 1,11. COMPOSITE TABLE SHOWING ENGINEERS AND TECHNICIANS OVER TYPES 

OF WORK AND EMPLOYEfig 



1 

; Type of Work < 




Employer 


Totals 


r 'wealth 
Govt. 


State 
Govt. 


Local 
Govt. 


Sonsul- 
tante . 


Contra- 
ctors . 


General 
Indu. 


1« Design - 


Engrs« 
Techns 


2 


17 
^+1 


15 
20 


2^+ 
57 


1 


1 


60 

98 158 


2. Construction 


Engrs • 
Techns 


2 


25 
6 


18 

3 




29 
5 




76 

14 90 


3» Maintenance 


Engrs . 
Techns 




6 
1 


2 
1 








8 

2 10 


4* Feasibility 
Studies 


Engrs • 
Techns 


1 


2 
1 




5 
1 


2 
1 




10 

3 13 


R&D 


Engrs . 
Techns 


2 
2 


10 
7 


5 


1 






16 

9 25 


6« Sales 


Engrs # 
Techns 


mm 










5 


3 

3 


?• Design, 

Feasibility 


Engrs « 
Techns 








1 






1 

1 


Construction 
8r Maintenance 


Engrs. 
Techns 




5 


5 
1 




1 




8 

1 9 
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TABLE A1.11, (Cont.) 



Type of Work 






Employer 




:»wealth 
Govt. 


State 
Govt. 


Local 
Govt. 


Consul- 
tants. 


Contra- 
ctors. 


General 
Indu. 


9. 7 & 8 


Engnrs . 
Techns 


3 


2 


Ilf 
3 








19 

3 22 


Total Engineer 
Total Technica 
TOTAL 


'S 

.ans 


10 
2 
12 


63 
56 
119 


57 
28 

85 


35 
38 
73 


32 
6 
38 


k 
k 


201 
130 

331 



TABLE A1.12 METHOD OF ACHIEVING QUALIFICATIONS 



Method 


Engineers 


Technicians 


Total 


Full-Time 


85 


6 


91 


Part-Time 


79 


7^ 


153 


Full-Time/Part-Time 






11 


Correspondence 






7 


Sandwich 






3 


T.W.I. 






1 


Self-Learning 






3 


No-Answer 






62 


TOTAL 






531 



TABLE AI.I3. LENGTH OF TIME IN PRESENT JOB (YEARS) 





< lyr 


• 2 yr. 


5 yr. « 


^ yr. 


5 yr. 


yr. 


8-10 
yr. 


>10 


Total 


Number of 
Subjects 

% 


57 
11?^ 


59 
18 


56 
17 


28 
8 


50 
9 


55 
11 


51 
9 


55 
17 


531 
1005IJ 



fTABLE A1,14 LENGTH OF TIME IN CIVIL ENGINEERING (YEARS) 

















9. 7 8t 8 


Engnrs. 
Techne 


3 


2 


5 


- 


- 


- 


19 

3 22 


Total Engineei 
Total Technicj 
TOTAL 


•8 

lans 


10 

2 
12 


63 
56 
119 


57 
28 

85 


35 
58 
73 


32 
6 
38 


k 


201 
130 

331 



TABLE A 1.12 METHOD OF ACHIEVING QUALIFICATIONS 



Method 


Engineers 


Technicians 


Total 


Full-Time 


85 


6 


91 


Part-Time 


79 


7^^ 


153 


Full-Time/Pa rt-Time 






11 


Correspondence 






7 


Sandwich 






3 


T.W.I. 






4 

f 


Self-Learning 






5 


No-Answer 






62 


TOTAL 






331 



TABLE A1.13. LENGTH OF TIME IN PRESENT JOB (YEARS) 





< lyr 


• 2 yr.. 


3 yr. < 


k yr. 


5 yr. 


'6-7 yr. 


8-10 
J[£a. 


>10 


Total 


Number of 
Cub jects 

% 


57 
1156 


59 
18 


56 
17 


28 
8 


30 
9 


35 
11 


31 
9 


55 
17 


331 
10056 



TABLE A 1,1^ LENGTH OF TIME IN CIVIL ENGINEERING (YEARS) 





K lyr 


2 yr. 


3-^yr. 


5-7 yr 


8-10yr« 


1 t-i5yr 


16^20 
yr. 


21-30 
yr. 


^50 

? yr. 


Answer 


Number of 


k 


9 


57 


52 


55 


65 


55 


55 


18 


5 


Subjects 












TOTAL 


551 




1 


3 


11 


16 


16 


20 


10 


17 1 5 


1 
















TOTAL 
1 


1009$ 
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In tables AI.15., and ALI**., the increments chosen for 
the time scales are unr4ual. The questions were inserted in 
order to see if an unduly large number of respondents were 
new to civil engineering and/or new to their job. 
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APPENDIX 2 TASK ANALYSIS QUESTIONNAIRE 

^ BROAD TASK ANALYSIST 
FREQUENCY OF TASK 



On the second page of the questionnaire seeking information 
on tasks and training etc., respondents were asked to allocate their 
worK time over certain types of task. These tasks were classified 
as Technical matters^ Manual skills ^ Economic and financial matters t 
Communication matters/exchauige of information 9 and Management and 
Personnel matters. The analysis of the data relating to this has 
been dealt with in Chapter 8 of this report. 

The instructions to respondents dealing with this task 
analysis or Broad Task Analysis as it has been called in this report, 
also asked them to indicate the frequency with vidiich they were 
involved in each particular task over the previous twelve months. 
The instructions read as follows: 

''On this page we would like you to show how your 
working time is split-up over some broad categories 
of tasks. In order to do this with some accuracy 
we suggest you note dowi day by day for a period of 
two working weeks the approximate hours spent on 
each of the broad categories of task. At the end 
of the time the hours can be summed and a percentage 
calculated for each category. We are only interested 
in the percentage of the hours worked, and these should 
be indicated in the column headed or nil". Percentages 
to be given to the nearest 5%» In the next column headed 
"Frequency" please indicate how frequently you were 
engaged on the category of task over the last year, since 
the fortnight chosen may not have been typical of your 
working year. Your answer to be selected from the 
following list of code numbers with their meanings?- 

1 = Regularly, frequently, i.e. every day or every 

other day 

2 = Frequently, i»e. about once a week 

5 = Not frequently, i.e. about once a month 
k = Infrequently, less than 10 times a year. 

Please write the selected code number in its relevant 
column in your answers below. 

We suggest you read all the pages of the Task Analysis 
section in order to gain an idea of what is meant by 
Technical Matters, Manual Skills, Economic & Financial 
Matters etc." 

This appendix preaents in detail the information concerning 
frequency of use provided by the respondents. In this presentation 
the total response has been split a variety of ways, e.g. between 
all engineers, and all technicians, split over employer, type of work, 
and age etc. 



p.i. 



TABLES A2.1. 1 & 2 FREQUENCY OF USE OF TASK 

(SPLIT OVER ALL ENQINEERS AND ALL TECHNICIANS) 



1. ENGINEERS 



n = 201 



DO NOT DO 


% 
USE 


FREQUENCY OF USE 
1, 2. 3. 4. No Answer 


Technical 8 193 
Manual 84 117 
Economic 29 172 
Communication 11 190 
Manaigement 32 169 


58 
86 

95 
84 


139 37 11 2 12 
35 41 21 23 81 
57 71 36 9 28 
130 41 12 2 16 
101 39 19 7 35 



N.B. In the above table, as in all the tables in this appendix the 
first and last columns roughly agree, the figures in the last column 
always being numerically greater than those in the first column. This 
is because in some cases a respondent indicating use or involvement in 
a category of task did not report the frequency of use. Therefore the 



number 
number 



of 
of 



"no 
"do 



,11 



answer 
not use' 



replies for frequency was slightly larger than the 
replies for the tasks. 



2. TECHNICIANS 



n = 130 



m.ev ^ NOT DO 
TASK USE 


USE 


FREQUENCY OF USE 
1, 2. 3. 4, No Answer 


Technical 21 109 
Manual 19 m 
Economic 76 54 
Coramuniaation 43 8? 
Memagement 80 50 

1 ^ — — 


83.8 
85.4 
41.5 
66.9 
38.5 


70 17 10 3 30 

71 21 7 2 29 
8 14 16 12 80 

35 27 15 2 51 
21 11 6 5 87 



ERIC 



TABLES A2. 2> 

4.^. & 6. 



FREQUiatCY OF USE OF TASK 
(FOR ENaiNEERS AND TECHNIC lANS 
ENQAQED ON DESIGN, CONSTRUC- 
TION AND OTHER WORK) 



1. ENGINEERS - 


DESIGN 






n = 


60 








TASK 


DO NOT 


DO 


% 




FREQUENCY OF USE 




USE 


USE 


USE 


1. 




5» 




No Ans. 


Technical 


1 


59 


98 


50 


8 


2 


0 


0 


Manual 


25 


55 


58 


15 


13 


if 


7 


23 


Economic 


12 




fin 


1 1 


22 


15 




10 


Communication 


2 


58 


95 


53 


19 


5 


1 


2 


Management 




k€ 


76 


25 


9 


8 


5 


13 


2. ENGINEERS - 


CONSTRUCTION 




n = 


92 








TASK 


DO NOT 


DO 






FREQUENCY 


OF USE 




USE 


USE 


USE 


1. 


2. 


5. 


k. 


No Ans. 


Technical 


5 


87 


95 


57 


18 


7 


2 


8 


Manual 


52 


60 


65 


16 


25 


12 


9 


52 


Economic 


11 


81 


88 


5^ 


50 


15 


0 


15 


Communication 


k 


88 


96 


6h 


15 


5 


1 


7 


Management 


6 


86 


93 


50 


25 


8 


1 


10 



ENGINEERS - OTHER WORK 



n ^ k9 



TASK 


DO NOT 


DO 


% 




FREQUENCY OF USE 




USE 


USE 


USE 


1. 


2. 


5. 


if. 


No Ans* 


Technical 


2 


k7 


96 


52 


11 


2 


0 


if y 


Manual 


27 


22 


^5 


6 


5 


7 


6 




Economic 


6 


^5 


88 


11 


18 


8 


5 




Communication 


5 


kk 


90 


55 


7 


2 


0 


7 


Management 


12 


57 


75 


25 


6 


if 


1 


13 
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TABLES 42, 2. 1.2.3. 

4.^. Sr 6. (continued) 



TECHNICIANS - DESIGN n = 98 



TASK 


DO NOT 
USE 


DO 
USE 


% 
USE 


1. 


FREQUENCY OF USE 
2. 3. ^. 


No Ans. 


Technical 


16 


82 


8^ 


52 


12 


9 


3 


22 


Manual 


11 


87 


89 


5^ 


18 


5 


1 


20 


Economic 


56 


^2 


^5 


6 


12 


i^f 


9 


57 


C omir.im ic at ion 


52 


66 


67 


27 


22 


15 


1 


55 


Management 


62 


36 


37 


15 


8 


6 


k 


65 



5. TECHNICIANS - CONSTRUCTION n = 17 



TASK 


DO NOT 
USE 


DO 
USE 


% 
USE 


1. 


FREQUENCY OF USE 
2. 5. 


No Ans. 


Technical 


1 


16 


9^f 


9 


k 


1 


0 


5 


Manual 


5 


12 


71 


8 


2 


1 


0 


6 


Economic 


11 


6 


55 


1 


1 


2 


1 


12 


Communication 


5 


12 


71 




5 


0 


1 


7 


Management 


10 


7 


ifl 


5 


1 


0 


1 


12 



6. TECHNICIANS - OTHER WORK n = 15- 



TASK 


DO NOT 


DO 


% 




FREQUENCY OF USE 




USE 


USE 


USE 


1. 


2. 


3. 


If. No 


Ans. 


Technical 


k 


11 


75 


9 


1 


0 


0 


5 


Manual 


5 


12 


do 


8 


0 


2 


1 


k 


Economic 


9 


6 


ko 


1 


5 


0 


2 


9 


Communication 


6 


9 


60 


5 


1 


2 


0 


7 


Management 


8 


7 


^^7 


k 


2 


0 


0 


9 



TABLES Ag. k. 1.2.5. 

4.3. & 6 



FREQOENCY OF OSE OP TASfC 
(SPLIT OVER TYPE OF EMPLOYER) 



1. COMMONWEALTH GOVERNMENT n s 12. 



TASK 


SO NOT 
USE 


DO 

USE 




1. 


FREQUENCY OF USE 
2. 5. No 


Ans. 


Technical 


1 


11 


92 


8 


1 


2 


0 


1 


Manual 


5 


7 


58 


k 


0 


1 


2 


5 


Economic 


3 


9 


75 


1 


3 


if 


2 


2 


Conmunication 


1 


11 


92 


10 


1 


0 


0 


1 


Management 


3 


9 


75 


3 


7 


1 


1 


0 



2. STATE GOVERNMENT n = 119 



TASK 


DO NOT 
USE 


DO 
USE 


% 


1. 


FREQUENCY OF USE 
2. 3. 'f. No 


Ans. 


Technical 


10 


109 


92 


83 


15 


8 


1 


12 


Manu.ll 


35 


8^ 


71 


35 


28 


11 


11 


3'* 


Economic 


37 


82 


69 


20 


32 


22 


9 


36 


Communication 


19 




S't 


55 


27 


11 


2 


2if 


Management 


51 


68 


57 


^3 


12 


8 


4 


52 



3. LOCAL GOVERNMENT n « 85 



TASK 


DO NOT 
USE 


USE 


% 


1. 


FREQUENCY OF USE 

2. 3. U. No Ans. 


Technical 


3 


82 


96 


57 


16 


5 


3 


if 


Manual 


20 


65 


76 


32 


15 


12 


6 


20 


Economic 


16 


69 


81 


23 


28 


14 


if 


16 


Communication 


8 


77 


91 


50 


17 


0 


9 


9 


Management 


21 


6k 


27 


^♦0 


10 


5 


8 


22 



■' ' ■ -J 



TABLES A 2. k, 1.2.3. 

" '♦.5, & 6. (continued) 



1*. CONSULTANTS n = 73 



TASK 


PO NOT 
USE 


DO 
USE 




1. 


FREQUENCY OF USE 

2. 3. 4. No Ans. 


Technical 


11 


62 


85 


39 


10 


3 


1 20 


Manual 


2k 




67 


29 


10 


1 


1 32 


Economic 


^3 


ko 


k^ 


k 


10 


8 


h W7 


Communication 


22 




70 


28 


16 


2 


2 25 


Management 


27 


46 


63 


18 


^k 


8 


0 33 



5 . CONTRACTORS 



n = 38 



TASK 



DO NOT 
USE 



DO 
USE 



1. 



FREQUENCY OF USE 

2. 3. 4. No Ans. 



Technical 4 

Manual 16 

Economic 6 

Coc-runication 4 

Mar 3 foment 9 



34 
22 
32 
3^ 
29 



90 
58 
84 
90 
76 



20 


10 


3 


0 


5 


5 


6 


5 


4 


18 


16 


12 


2 


1 


7 


20 


7 


5 


0 


6 


12 


12 


3 


0 


11 



6. GENERAL INDUSTRY 



= 4 



TASK 


DO NOT 
USE 


DO 
USE 


% 


1. 


FREQUENCY OF USE 
2. 5. 4. No 


) Ans* 


Technical 




4 


100 


2 


2 




0 


0 


Manual 


2 


2 


50 


0 


0 


1 


0 


3 


Economic 




4 


100 


0 


1 


2 


1 


0 


Communication 




4 


100 


3 


2 


0 


0 


0 


Management 


1 


3 


75 


2 


0 


1 


0 


1 
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TABLES A2. 3. "..2.5. 



FREQUENCY OF USE OF TASK 
(SPLIT OVER AGE AND AGAIN OVER 
ENGINEERS AND TECHNICIANS) 



1. ENGINEERS 20-30 yrs- n = 83 



TASKS 


DO NOT 
USE 


DO 

USE 


5« 


1. 


FREQUENCY OF USE 
2. 3. ^. No 


Ans. 


Technical 


6 


77 


95 


59 


12 


5 


1 


8 


Manual 


Zk 


59 


71 


16 


2^f 


11 


10 


22 


Economic 


12 


71 


85 


21 


33 


li* 


5 


12 


Communication 


6 


77 


95 


56 


15 


6 


1 


7 


Management 


18 


65 


78 


56 


18 


9 


2 


18 



2. ENGINEERS 51-'tO yrs. n = 61 



TASKS 


DO NOT 
USE 


DO 

USE 


% 


1. 


FREQUENCY OF USE 
2. 3. No 


Ans. 


Technical 


2 


59 


96 


^3 


11 


if 


1 


2 


Manual 


29 


32 


52 


10 


6 


7 


8 


30 


Ec onomic 


9 


52 


85 


18 


19 


11 


3 


10 


Communication 


2 


59 


96 


36 


16 


k 


0 


5 


Management 


5 


56 


92 


30 


13 


6 


if 


8 



3. ENGINEERS yrs. and older n = 57 



TASKS 


DO NOT 
USE 


DO 
USE 


% 


1. 


FREQUENCY 
2. 5. 


OF USE 
i*. No 


Ans. 


Technical 


0 


57 


100 


57 


^k 


if 


0 


2 


Manual 


51 


26 




9 


9 


5 


k 


30 


Economic 


8 


^♦9 


86 


17 


18 


11 


3 


8 


Communication 


3 


3^ 


95 


38 


12 


2 


1 




Management 


9 






3^ 


7 


5 


1 


10 



*0 



■ ■ ■ ._S 



TABLES A2. 5. 1.2.5. 

4. & 5. (continue 



k. TECHNICIANS 20-30 yrs. n s 8? 



DO NOT DO 
TASK jjsE USE 


USE 


FREQUENCY OF USE 
1. 2. 3» No Ane. 


Technical 15 72 
Manual 11 76 
Economic 52 35 
Communication 3^ 53 
Management 59 28 


83 
87 
iiO 

61 
32 


kn iU 0 2 22 
5lf 9 0 20 

5 11 8 9 5** 

01 iO 10 2 "55 

11 7 3 3 63 


5. TECHNICIANS 31 yrs & older 


n = *f3 


DO NOT DO 


% 
USE 


FREQUENCY OF USE 
1. 2. 3. No Ans. 


Technical 6 37 
Manual 8 35 
Economic 19 
Communication 9 3^ 
Management 21 22 


86 
81 

79 
51 


30 3 1 1 ^ 
16 11 k 2 10 
5 5 8 5 2if 
15 9 5 0 1** 
11 if 3 2 23 



APPENDIX 3. 



TASK ANALYSIS QUESTIONNAIRE- 
ANALYSIS OF "MANUAL SKILLS" CATEGORY OF TASK. 



In the questionnaire each category of task was sub-divided 
into a number of sub-categories of task in order to determine 
whether some particular skills or parts of a task were used more 
frequently than others, particularly with respect to one of the 
independent variables e.g. type of work. Questions concerning 
the importance of the sub-category of task were also raised. 

This appendix, and the next three, are similar in fo)-mat 
and all relate to sub-categories of task. It may be of use 
therefore at this point to repeat those instructions in the 
questionnaire relating to these sub-categories of task as this 
could assist in comprehending the tables that appear in Appendices 
3,^t5f and S% 

The instructions were:- 

*'Plea5e Indicate in the sections that follow viz. Manual 
skills. Economic, Communication, and Personnel matters. 

a) what percentage of the total time spent on the activities 
connected with that particular section can be allocated 
to the sub-categories of task listed in that bection. 
Answers to nearest 10%, Percentage column to total 100%. 

b) against those tasks where you have put a % figure indicate 
the frequency with which you perform the task. Use one 

of the code numbers 1,2,3 or 'f according to the notes below. 

c) against those tasks where you have put a % figure indicate 
the importance of that task using one of the code numbers 
1,2,3,^ or 5; according to the notes below. 

d) against all sub category tasks put either 1 or 0 (used, 
or not used) depending on whether you have performed the 
task in the past 12 months. 

FREQUENCY of use, select one of the following code numbers 
with their meanings as given:- 

1 r Regularly, frequently, i.e. every day or every other day 

2 = Frequently, i.e. about once a week 

3 = Not frequently, i.e. about once a month 

^ = Infrequently, i.e. less than 10 times a year 

IMPORTANCE - i.e. whether knowledge of the particular element 
is important in your job. Your answer to be selected from 
the following code numbers with their meanings as given:- 

1 = Very important, easy to acquire 

2 - Very important, difficult to acquire 

3 - Important, easy to acquire 

k ^ Important t difficult to acquire 
5 = Not important " 




The category **Manual skills" was sub-divided into 

i) drawing and drafting 

ii) using survey instruments 

iii) using laboratory or testing apparatus 

iv) other (specify) 

After the usual adjustments for no response and imperfect 
response the following tables for engineers and technicians were 
prepared. 



TABLE A3.1. PERCENTAGE USE OF VARIOUS MANUAL SKILLS 

BY ALL ENGINEERS AND TECHNICIANS INDICATING 
USE OF MANUAL SKILLS AT SOME TIME IN THEIR JOB 



SUB-CATEGORY 


ENGINEERS . % 


TECHNICIANS - % 


OF TASK 


n s ^k7 


n s ^^h 


Drawing & Drafting 






Using survey instruments 


32 


13 


Using lab. apparatus 


7 


8 


Others (miscellaneous) 


6 


5 


"rounding off" error 


1 


1 

. < 



TABLE A?. 2. 1 & 2. 



FREQUENCY OF USE AND IMPORTANCE 
OF VARIOUS MANUAL SKILLS 



- Engineers 



n = 1^7 



SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
1. 2. 3. 4. NO 

ANS. 


IMPORTANCE 
1. 2. 3. 4. 3. NO 
ANS. 


USE IN 
YEAR 


Drawing & Drafting 


28.37.32.37. 13 


37. 3.62.18.14.13 


125 


Using survey insts. 


27. 19.28.31. 42 


41. 4.45. 8. 5.42 


90 


Using lab. apparatus 


1. 7.18.25. 98 


3. 1.35. 1. 6.98 


43 


2 - Technicians 


n = 124 






SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
1. 2. 3. 4. NO 

ANS. 


IMPORTANCE 
1, 2. 3. 4. 5. NO. 

ANS, 


USE IN 
YEAR 


Drawing & Drafting 


88. 15. 10. 5. 6 


74, 15. 24. 5. 2. 6 


114 


Using survey insts. 


19. 11. 13. 14. 67 


23. 4.24. 6. -.67 


54 


Using lab. apparatus 


9. 2. 1. 1.111 


6. 1. 6. -. -.111 


13 



The next table consists of six parts, and refers to 
technicians split into the three types of work category, viz. 
design, construction, and other work (feasibility studies, R 85 D/ 
investigational, etc.) 



TABLE A3. 3. PERCENTAGE USE OF VARIOUS MANUAL SKILLS BY ENGINEERS 

AND TECHNICIANS ACCORDING TO TYPE OF WORK. AND WHO 
INDICATED USE OF MANUAL SKILLS AT SOME TIME IN THEIR JOB. 



DESIGN WORK 


n = 


n = 93 


SUB-CATEGORY 


ENGINEERS 


TECHNICIANS 


OF TASK 


% 


% 


Drawing & Drafting 


70% 




Using survey instruments 


14 


11 


Using lab. apparatus 




1 


Other (miscellaneous) 


10 


3 


rounding off 'error' 


1 


1 


CONSTRUCTION WORK 


n = 68 


n = 16 


Drawing & Drafting 




32% 


Using survey instruments 




17 


Using lab. apparatus 


7 


39 


Other (miscellaneous) 


1 


11 


rounding off 'error' 


0 


1 


OTHER WORK 


n = 55 


n = 15 


Drawing 8f Drafting 


52% 




Using survey instruments 


26 


19 


Using lab. apparatus 


12 


28 


Other (miscellaneous) 


9 


11 


rounding off 'error' 


1 


1 



The following six tables deal with the frequency of une and 
importance for each of the exx groups referred to in the previous 
t. blest 



TABLE A3.it. FREQUENCY AND IMPORTANCE OF MANUAL SKILLS FOR ENGINEERS 

AND TECHNICIANS IN VARIOUS TYPES OF WORK, AND WHO USED 



SUCH SKILLS AT SOME TIME IN THEIR JOB. 



ENGINEERS - DESIGN n = kk 



SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
1. 2. 3. ^. NO 

ANS. 


IMPORTANCE 
1. 2. 3. 't. 5. NO 

ANS. 


USE IN 
YEAR 


Drawing & Drafting 
Using survey insts. 
Ucing lab. apparatus 


12.15. 6. 7. ^ 
5. 3- 5. ^. 29 
0. 0. 3. 6. 35 


16. 2.15. 5. ^. 2 
9. 0. 3. 3. 0. 29 
1. 1. 6. 0. 0. 36 


42 
16 
9 


ENGINEERS - CONSTRUCTION n = 68 


Drawing Sc Drafting 
Using survey insts. 
Using lao. apparatus 


12.12.20.21. 3 

18.12.21.15. 0 
0. 7.11.10. ko 


17. 1.32. 4. 8. 6 
26. 2.31. ^. 3. 2 
0. 0.22. 1. 4. 39 


58 
58 
25 


ENGINEERS - OTHER WORK n = 35 


Drawing & Drafting 
Using survey insts. 
Using lab. apparatus 


k. 9. 7. 9. 6 

k, k. 8. 5. 1^+ 

1. 0. k. 7. 23 


5. 0.19. 0. 5. 6 
5. 1.13. 0. 2. ^k 

2. 0. 7. 0. 2* 2^1 


26 

31 
10 


* TECHNICIANS - DFJIGN n = 93 


Drawing & Drafting 
Using survey insts. 
Using lab. apparatus 


80.10. 2. 1. 0 
13. 9.13. 11. ^7 

1. 0. 1. 0. 91 


67.15. 9. 2. 0. 0 
18. ^+.17. 6. 1. 47 
1. 1. 0. 0. 0. 91 


92 

45 
2 


TECHNICIANS - CONSTRUCTION n = 16 


Drawing & Drafting 
Using survey insts. 
Using lab. apparatus 


k. 2. 3. 3. ^ 
3. 1. 1. 1. 10 
5. 1. 0. 1. 9 


if. 0. 7. 1. 0. 
3. 0. 3. 0. 0. 0 
k, 0. 3. 0. 0. 0 


12 
6 
7 


TECHNICIANS- - OTHER WORK n = 15 


Drawing & Drafting 
Using survey insts. 
U::ing lab. apparatus 


5. 5. 5. 1. 5 
2. 2. 2. 0. 9 
5. 1. 0. 0. 11 


5. 0. 6. 0. 2. 4 
2. 0. ^. 0. 0. 9 
2. 0. 3. 0. 0. 10 


10 

5 
4 



>i3 . r. ■/ 
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APPENDIX • 



TASK ANALYSIS QUESTIONNAIRE-ANALYSIS OF 
"ECONOMIC/FINANCIAL MATTERSw'CATEGORY OF TASK. 



The category "Economic/financial matters" was sub-divided into:- 

i) Feasibility studies 

ii) Cost benefit analyses 

iii) Market studies 

iv) Costing of, costs of projects 

v) Other (specify) 

After the usual adjustments for no response and imperfect response 
had been made the following combined table for engineers and technicians 
in design work, construction work and other work (feasibility studies, 
R & D/Investigational etc.) was prepared: 

TABLE A^.1. PERCENTAGE USE OF VARIOUS "ECONOMIC/FINANCIAL MATTERS" 

BY ENGINEERS AND TECHNICIANS ACCORDINQ TO TYPE OF WORK . 
AND WHO INDICATED USE OF "ECONOMIC/FINANCIAL MATTERS'*^ 



AT SOME TIME 


IN THEIR JOB. 




DESIGN WORK 


n ^ 


• 

n = ^5 


SUB-CATEGORY 
OF TASK 


ENGINEERS 


TECHNICIANS 

% 


r eaSl Dill wy o wUdlOS 






Cost benefit analyses 


10 


2 


Market studies 


3 


1 


Cost^in^s. costs 


65 


80 


Other (miscellaneous) 


3 


if 


Roundinfl: off 'error* 


1 


0 


CONSTRUCTION WORK 


n = 86 


n = 7 


Feasibility Studies 






Cost benefit analyses 


9 


3 


Market studies 


7 


0 


Costings, costs 


70 


92 


Other (miscellaneous) 


3 


1 


Rounding off 'error* 


0 


0 


OTHER WORK 


n = 


n = 6 


Feasibility Studies 




22% 


Cost benefit analyses 


10 


12 


Market studies 


k 


0 


Costings, costs 


60 


49 


Other (miscellaneous) 


7 




Hounding off 'error' 


0 


3 



The following combined table shows the frequency of use, and 
imnortance of the various economic/financial matters for each of the 



iv) Costing of, costs of projects 
v) Other (specify) 

After the usual adjustments for no response and imperfect response 
had been made the following combined table for engineers and technicians 
in design work, construction work and other work (feasibility studies, 
R fir D/Investigational etc.) was prepared: 

TABLE A^.1. PERCENTAGE USE OF VARIOUS "ECONOMIC/FINANCIAL MATTEI^S" 



BY ENGINEERS AND TECHNICIANS ACCORDING TO TYPE OF WORK , 
AND WHO INDICATED USE OF "ECONOMIC/FINANCIAL MATTERS" 



AT SOME TIME 


IN THEIR JOB. 




DESIGN WORK 


n = 




SUd-CAT£GORx 
OF TASK 


% 


% 


Feasibility Studies 


18% 


12% 


Cost benefit analyses 


10 


Z 


Market studies 


3 


1 


Costings^ costs 


65 


80 


Other (miscellaneous) 


3 




Rounding off • error* 


1 


0 


CONSTRUCTION WORK 


n = 86 


n = 7 


Feasibility Studies 


115^ 




Cost benefit analyses 


9 


3 


Market studies 


7 


0 


Costings, costs 


70 


92 


Other (miscellaneous) 


5 


1 


Rounding off 'error* 


0 


0 


OTHER WORK 


n = ^+6 


n = 6 


Feasibility Studies 




22^ 


Cost benefit analyses 


10 


12 


Market studies 


k 


0 


Costings^ costs 


60 




Other (miscellaneous) 


7 




Rounding off 'error' 


0 


3 



The following combined table shows the frequency of use, and 
importance of the various economic/financial matters for each of the 
six groups referred to in the previous table. 



See pre-auBble to Appendix 3* 



ERIC 



^k, p.i 



TABLE kh.a. 



FREQUENCY AND IMPORTANCE OF VARIOUS ECONOMIC/ 
FINANCIAL MATTERS FOR ENGINEERS AND TECHNICIANS 
IN VARIOUS TYPES OF WORK« AND WHO USED THEM AT 
SOME TIME IN THEIR JOB. 



ENGINEERS - DESIGN 


n = 


















SUB-CATEGORY 
ur liioiv 


FREQUENCY OF USE 
1. 2. 3. ^. NO 
ANS. 


IMPORTANCE 
1. 2. 3. ^. 5. NO 

ANS. 


USE IN 
YEAR 


Feasibility studies 


k. 5. 8.15. 


12 


8. 


7. 9. 


6. 


1. 


13 


2o 


Cost benefit analyses 


5. 6. 


9. 


22 


5. 


i*. 7. 


if. 


2. 


22 


19 


Market studies 


1. 1. 1. 


2. 


39 


3. 


0. 1. 


1. 


0. 


39 


5 


CostingSi costs 




6. 


0 


15. 


8.15. 


h. 


2. 


0 


\h ■ 


ENGINEERS - CONSTRUCTION n - 


86 
















Feasibility studies v 


9.10.19.13. 


35 


12. 


^.21. 


9. 


3. 


37 


J. ■» 
**3 


Cost benefit analyoes 


7. 6.1i*.11. 


k& 


7. 


2.18. 


8. 


1. 


50 


31 


Market studies 


? 1.1. 


1 • 


81 


0. 


1. 2. 


1. 


1 . 


81 


if 


e» in /9 ^\ o r G 

oostings^ cos^s 


■^L "^U 1? 


^ • 




37.15.26. 


2. 


1 . 


5 


76 


ENGINEERS - OTHER WORr^ 


n = 


















Feasibility studies 


7. 8. 8. 




18 


i+.ll. 9. 




0. 


18 


27 


Cost benefit analy.ses 


3. 5. 8. 


8. 


22 


3. 


8. 7. 


if. 


1. 


23 


23 


Market studies 


0. 0, 2. 


p 


U2 


0. 


0. H. 


1. 


0. 


41 




Costings, costs 


13.21. 5. 


^ • 


5 


12. 


5.22. 


2. 


0. 


5 


38 


TECHNICIANS - DESIGN 


n = 


















Feasibility studies 


^, 2. 6. 




29 


5. 


3. 2. 


if. 


2. 


29 


15 


Cost benefit analyses 


0. 1. 3. 


<. 




0. 


2. 2. 


1. 


0. 




5 


Market studies 


0. 0. 0. 


1. 




0. 


0. 1. 


0. 


0. 


1 1 


1 


Costings, coGts 


8.18. 9. 


6. 


k 


16. 


5.12. 


6. 


2. 


if 


39 


TECHNICIANS - CONSTRUC 


riON n = 


7 
















Feasibility studies 


0. 0. 2. 


0. 


5 


0. 


2. 0, 


0. 


0. 


5 


2 


Cor>t benefit analyses 


0. 0. 1. 


2. 


i* 


0. 


2. 0. 


1. 


0. 


it 


3 


Market studies 


0. 0. 0. 


0. 


0 


0. 


0. 0. 


0. 


0. 


7 


0 


C0i3ting^:>, COfitS 


3. 1. 2. 


1. 


0 


1 . 


3. 2. 


1. 


0. 


0 


7 


TECHNICIANS - OTHER WORK n - 


6 
















Feasibility studies 


0. 3. 0. 


0. 


5 


2. 


0. 0. 


1. 


0. 


3 


1 


Cost benefit analyses 


1. 1. 0. 


1. 


3 


0. 


0, 1. 


1. 


1. 


3 


2 


Market studies 


0. 0. 0. 


0. 


6 


0. 


0. 0. 


0. 


0, 


6 


0 


CoL;tings, costs 


1. 3. 1. 


1. 


0 


2. 


0. 2. 


1. 


1. 


0 




J ■ " 

\c 






• 















APPENDIX 5 • TASK ANALYSIS QUESTIONNAIRE - 

ANALYSIS OF "COMMUNICATION OR 
EXCHANGE OF INFORMATION MATTERS" 
CATEGORY OF TASK 



The category "Communication or exchange of information 
matters" was sub-divided into:- 

(1) 1^. iting letters, reports or filling in forms 

(2) Sketching 

(5) Talking on telephone, in groups, lecturing, attending 
meetings as a participant 

C^) Reading letters, reports, drawings or forms. 
Keeps up^to-date reading journals. 

The usual adjustments were made for no response, and imperfect 
response, and the following combined table for engineers and technicians 
engaged in design work, construction work and other work (feasibility 
studies, R & D/Xnvestigational etc.) was prepared. 

TABLE A3. 1. PERCENTAGE USE OF VA RIOUS "COMMUNICATION OR EXCHANGE 

OP ^t^P^ftMA tflta^^^ MAfffeftS** BY fit^tilN^SR^ AUt ^gCHNlglANS 

XCggroiW6 f6 Tift 6^ iOftk. AND WHO INDICATED USE oF 
COMMUNICATION OR EXCHANGE OF INFORMATION MATTERS AT 
SOME TIME IN THEIR JOB. 



DESIGN WORK 


n = 57 


n = 7** 


SUB- CATEGORY 


ENGINEERS 


TECHNICIANS 


OF TASK 


% 


% 


Writing letters etc. 




33% 


Sketching 


15 


21 


Talki/ig 


25 


18 


Reading reports etc. 


27 


26 


Other (miscellaneous) 


2 


2 


Rounding off 'error' 


0 


0 


CONSTRUCTION WORK 


n = 88 


n = 15 


Writing letters etc. 


38% 




Sketching 


9 


9 


Talking 


30 


19 


Reading reports etc. 


22 




Other (miscellaneous) 


1 


k 


Rounding off 'error' 


0 


0 


OTHER WORK 


n = if6 


n s 11 


Writing letters etc. 


k3% 


38% 


Sketching 


7 


10 


Talking 


26 


21 


Reading reports etc. 


22 


27 


Other (miscellaneous) 


1 


2 


Rounding off 'error' 


1 


2 



(1) Writing letters, reports or filling in forms 

(2) Sketching 

(3) Talking on telephone, in groups, lecturing, attending 
meetings as a participant 

ik) Reading letters, reports, drawings or forms. 
Keeps up-to-date reading journals. 

The ususil adjustments wore made for no response, and imperfect 
response, and the following combined table for engineers and technicians 
engaged in design work, construction work and other work (feasibility 
studies, R 8c D/Investigational etc.) was prepared. 

TABLE A5. 1. PERCENTAGE USE OF VARIOUS "COMMUNICATION OR EXCHANGE 

W l^PO)ftHAf ra"»ATfaRS'* BY fe^dlNEERS AND TECHNICIANS 
ATO6RbII^6 !f6 ftP'^ 6V woRK. AND WHO INDICATED USE OF 
COMMUNICATION OR EXCHANGE OF INFORMATION MATTERS AT 
SOME TIME IN THEIR JOB. 



DESIGN WORK 


n = 57 


n = 7*^ 


SUB-CATEGORY 


ENGINEERS 


TECHNICIANS 


Or TAoiv 


ttL 
70 




wrxtmg letters etc. 






oKetcnmg 


•1 c, 
»P 


^ 1 


lalK x|ig 




to 


Reading reports etc* 


27 


26 


Other (miscellaneous) 


2 


2 


Sounding off * error* 


0 


0 


CONSTRUCTION WORK 


n = 88 


n = 15 


Writing letters etc. 






Sketching 


9 


9 


Talking 


30 


19 


Reading reports etc* 


22 


2^ 


^ Other (miscellaneous) 


1 




Rounding off 'error' 


0 


0 


OTHER WORK 


n = 'f6 


n s 11 


Writing letters etc* 




38% 


Sketching 


7 


10 


Talking 


26 


21 


Reading reports etc# 


22 


27 


Other (miscellaneous) 


1 


2 


Rounding off 'error' 


1 


2 



• See preamble to Appendix 3« 



A5. 



The following combined table shown the frequoncy of use and 
iraijortaiice o£ tht- variou. cunimun icati oii i>r exchaiigt of information 
matters for each of the .six groupa referred to in the previous table. 



TABLE A3. 2. FRlilQUKNCv AND IMPORTANCE OF VARIOUS COMMUNICATION 

MATTERS FOR ENGINEERS AND TECHNICIANS IN VARIOUS 
TYPES OF WORK. AND WHO USED THEM AT SOME TIME IN 
THEIR JOB . 



ENGINEERS - DESIGN n ^ 57 



SUB-CATHGORY 


FREQUENCY OF USE 




IMPORTANCE 




USE 


OF TASK 










No 












No 


IN 




'1. 


2. 


3. 


h. 


Ans. 


1 • 


2. 


3. 


if. 


5. 






Writing letters etc. 


33 


1^+ 




1 


5 


2^+ 


10 


11 


1 

if 


1 


7 




Sketching 


17 


1^ 


f 


2 


17 


21 


it 


15 


0 


2 


17 


35 


Talking 


39 


6 


5 


3 


6 


23 


If 


17 


If 


1 


8 


^5 


Reading reportiS etc. j 


id 


17 




1 


• 5 


25 


1 


17 


5 


2 


7 




ENGINEERS - CONSTRUCTION 










n s: 


88 












Writing letters ^^tc. 


63 


18 




0 


3 


29 


20 


27 


6 


0 


6 


75 


Sketching 


17 


17 




s 


j( 


9 


1 


26 

Cm V 


<5 


if 


^3 


'f6 


Talking 


7?. 


10 




0 


3 


32 


8 


38 


k 


2 


if 


76 


Reading reports etc. 




19 


b 


0 




30 


10 


35 


3 


3 


7 


75 


ENGINEERS - OTHER WORK 










n » 


if6 












Writing lottors etc. 


30 


1^ 


1 


1 


2 


18 


8 


10 


3 


0 


7 


31 


Sketching 


7 


13 


5 


1 


20 


7 


2 


13 


1 


1 


22 


18 


Talking 


31 


9 


3 


0 


3 


19 


2 


15 


3 


1 


6 


31 


Reading reports etc. 


30 


12 


1 


0 


3 




if 


11 


1 








TECHNICIANS - DESIGN 












n = 














Writing letters etc. 


17 


18 


17 


5 


17 


13 


10 


25 


1 




19 


52 


Sketching 


13 


19 


12 


9 


21 


15 


3 


25 


3 


5 


23 


if6 


Talking 


18 


17 


11 


k 


2*+ 


18 


3 


21 


1 


5 


26 


Uif 


Reading reports etc. 


26 


16 


15 


2 


15 


16 


k 


31 


2 


if 


17 


50 


TECHNICIANS - CONSTRUCTION 








n - 


15 












Writinii letters etc. 


9 


3 


5 


0 


0 


k 


3 


6 


2 


0 


0 


15 


Sketching 


^ 


2 


k 


2 


5 


2 


0 


7 


0 


0 


6 


9 


Talking 


7 


k 


0 


2 


2 


3 


3 


5 


1 


0 


5 


11 


Reading reports etc. 


8 


2 


1 


1 


3 


5 


0 


6 


0 


0 


if 


11 



•C^HNICIANS - OTHER WORK n = 11 

, , 

1 . . I - 



MATTERS FOH SNQINSaiM AMPJPECHWICIAMS TO V^QPS 
TYPES OF 1I0RK> AND WHO USED THSM AT SOM E TIME IN 
THEIR JOB. 



ENGINEERS - DESIGN n » ?7 



SUB^CATSGORY 


FREQUENCY 


OF 


USE 




IMPORTANCE 






USE 


OF TASK 










No 












No 


IN 




1 . 




5. 


L 


/til o • 




2. 


3. 




"5. 
✓ • 


Ans. 


YEAR 


Writing letters etc. 


53 






1 


5 


2U 


10 


11 


if 


1 


7 


'♦5 


Sketching 


17 




»*? 

( 


2 


17 


21 




13 


0 


2 


17 


35 


TalkiDg 


59 


6 




3 


6 


23 




1/ 




1 


8 


^5 


Reading r^-p^^^t^ etc. j 


5-' 


17 




1 




25 


1 


17 


c: 
P 


2 


7 


if6 


£NGINEER;i ^ CONSTRUCTION 










n s 


88 












Writing: l^^tter'ti otc. 


6? 


18 




0 


3 


29 


20 


27 


6 


0 


6 


75 


Sketching 


17 


17 


1:? 




57 


9 


1 


2o 


5 


if 


^3 


if6 


Talking 


72 


10 


3 


0 


5 


32 


o 
o 


9 Q 

58 




2 


if 


76 


Reading report:.. r»tc» 




19 




0 


i* 


30 


10 


55 


3 


3 


7 


75 


ENGINEERS - OTHER WORK 
























Writing l*»tt»?ra etc. 


30 


1.' 


1 


1 


2 


16 


8 


10 


5 


0 


7 


51 


Sketching 


7 


13 


5 


1 


20 


7 


2 


13 


1 


1 


22 


18 


Talking 


31 


9 


3 


0 


3 


19 


2 


15 


5 


1 


6 


51 


Reading reports etc. 


30 


12 


1 


0 


3 


23 




11 


1 




6 


52 


1 TECHNICIANS - DESIGN 












n = 


7^ 












Writing If'ttors etc. 


17 


18 


17 


5 


17 




10 


25 


1 


if 


19 


52 


SKctchxnc 


13 


19 


12 


9 


21 


15 


3 


25 


3 


5 


23 


if6 


Talking 


18 


17 


11 


if 


2i+ 


i8 


5 


21 


1 


5 


26 


ifif 


Reading reports etc. 


26 


16 


15 


2 


15 


16 


1. 
*♦ 


51 


2 


if 


17 


50 


TECHNICIANS - CONSTRUCTION 








n = 


15 












Writing; lottera etc. 


9 


3 


3 


0 


0 


k 


5 


6 


2 


0 


0 


15 


Sketch ifig 


^ 


<? 


r 


2 


5 


2 


0 


7 


U 


0 


6 


9 


Talking 


7 




0 


2 


2 


3 


X 

5 


c 


1 


0 


5 


11 


Reading r^^ports etc. 


8 


2 


1 


1 


3 


5 


U 


0 


w 


0 


if 


11 


TECHNICIANS - OTHER WORK 










n = 


11 












Writing letters etc. 


8 


1 


1 


0 


1 


5 


0 


5 


0 


1 


2 


6 


Sketching 


2 


2 


2 


1 


k 


1 


0 


3 


1 


1 


5 


5 


Talking 


9 


0 


0 


0 


2 


3 






1 


0 


if 


5 


Reading reports etc. 


7 


2 


0 


0 


2 


2 


0 


5 


1 


1 


2 


5 
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APPENDIX 6 • TASK ANALYSIS QOESTIONWAIRE - 

ANALYSIS OF^*MANAQEMENT AND 
PERSONNEL MATTERS" CATEGORY OF TASK 



The category "Management and personnel matters" was divided into 
eleven sub-categories of task as follows s- 

1) Planning - annual plans, budgets, P.E.R.T. critical path work, 

network analysis, classification and statement of objectives. 

2) Organising - adapting r«9owc^e to meet needs of jobs defining 

procedures, assigning activities. 

3) Directing - talking to staff in reporting sessions, following 

progress of work, motivating, leading, preserving morale. 

k) Controlling - comparing with accepted or nominated ^.odes of 

performance, budgetary control, time control, production control. 

5) Co-ordinating - arranging inter-departmental, inter-company etc. 

discussions, smoothing out obstacles, 

6) Interviewing - engaging staff, promoting, firing, staff counselling, 

staff appraisal sessions, filling in reports on staff. 

7) Ubour relations - arbitrating etc., discussions with bodies 

representing groups of staff or labour, salary and wag^ discussions 

8) General personnel matters - absenteeieu, health matters, arguments, 

worries, anxieties, fruetrations of ctaff and labour. 

9) Statistics - on labour and staff, compiling returns for 

accountants, government departments etc. 

10) Safety mat*?-s - dealing with safety regulations, policing safety 

precautions etc. 

11) Other (please specify). 

The usual adjustments were made for no response! and imperfect 
response and the following combined table for engineers and technicians 
engaged in design work, construction work and other work was prepared. 
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See preamble to Appendix 3* p ^ 



TABLE A6. 1. PERCH^TAGE USE OF VARIOUS "MANAGEMENT AND 

PERSONNEL MATTERS^* BY ENGINEERS AND TECHNICIANS 

ACCORDING TO TYPE OF WORK. AND WHO t^DICATED 
DSE OF MANAGEMENT AND PERSONNEL MAT TERS AT SOME 
TIME IN THEIR JOB. 



m^lC ^ WORK n = 5? n = 



SUB-CATEGORY 
OF TASK 


ENGINBEBS 
% 


TECHNICIANS 


P" mning 


11 


6 


Or(canisi.ns 


19 


2k 


Directing 


31 


3k 


Controlling 


11 


8 


Co-ordinating 


18 W 


k 76% 


Interviewing 


2 


5 


Labour relations 


1 


1 


General personnel 


k 


5 


Ctat istics 


^ 


5 


Saiety matters 


1 


2 


Other (miscellaneous) 


1 105^ 


5 2336 


Rounding off ' error ♦ 


0 


1 



CONSTRUCTION WORK n = 86 n = 9 



1 

« Planning 


15 




16 


1 


1 Organising 


23 




25 




Directing 


20 




20 




Controlling 


I'f 








Co-ordir^ting 


10 


82% 


5 


71515 


Interviewing 


5 




1 




Iiabour relations 


3 




2 




General personnel 


5 




18 




Staticticc 


2 




3 




ci-.tty matters 






2 




Other (miscellaneous) 


0 




0 


26St 


Rounding off 'error* 


0 




3 





ABLE A6. 1. (Continued) 



OTHER WORK 


n 


n s 8 


SUB-CAPEGORT 


ENGINEERS 


TECHNICIANS 


OF TASK 




of 


Pi >anning 


18 


10 


Organising 


21 


26 


Directing 


21 


17 


Controlling 


10 


8 


Co-ordinating 


9 793^ 


13 7^ 


Interviewing 




0 


Labour relatione 


2 




General personnel 


5 


8 


Statistics 


2 


5 


Safety matters 


6 


8 


Other (loiscellaneous) 


1 2056 


0 25?S 


Roimding off 'error' 


1 


1 



Next follows the combined table showing the frequency 
use and importance attached to the various management and 
personnel matters for each of the six groups of respondents 
referred to in the previous table* 



TABLE A6. 2. FREQUENCY AND IMPORTANCE OF VARIOUS 

l>l'Af^AQfiMteNT AND PERSONNEL MATTER FOR 

ENGINEERS AND TECHNICIANS IN VARIOUS 
TYPES OF WORK. AND WHO USED THEM AT 
^Mi l^i iMtt JOB" ' 



ENGINEERS - DESIGN n = 55 



SUB-CATEGORY 
OF TASK 


FREQUENCY 
I, 2. 3. 


OF 


USE 
No. 

A M O 

Ans • 


T • 


IMPORTANCE 
2. 3. 4. 5. 


No. 


USE IN 
YEAR 


Planning 


6 9 10 


6 


2^t 


8 


8 9 


5 


1 


24 


27 


Organising 


19 15 7 


4 


10 


16 


9 13 


4 


2 


11 


40 


Directing 


36 4 5 


2 


8 


19 


8 12 


5 


2 


9 


42 


Controlling 


10 9 13 


1 


22 


9 


3 10 


8 


0 


25 


30 


j Co-ordinating 


16 16 6 


k 


13 


14 


6 14 


6 


2 


13 


57 


Interviewing 


2 0 11 


5 


37 


3 


0 9 


3 


2 


38 


15 


Labour relations 


3 0 0 


3 


^♦9 


1 


0 1 


2 


0 


51 


5 


General personnel 


k 5 8 


k 


3^ 


5 


3 6 


4 


2 


35 


18 


Statistics 




1 


45 


2 


0 6 


1 


0 


46 


8 


Safety matters 


? 0 2 


2 


49 


4 


1 1 


0 


0 


49 


5 



ENGINEERS ■ CONSTRIJCnON n = 86 



Planning 


13 26 


26 


5 


16 


22 


15 


20 


12 


1 


16 


66 


Organising 


49 21 


8 


1 


7 


32 


17 


25 


7 


1 


6 


76 


Directing 


53 20 


7 


0 


6 


31 


20 


18 


10 


1 


6 


75 


Controlling 


24 3^+ 


11 


2 


15 


23 


17 


20 


12 


0 


14 


67 


Co-ordinating 


17 21 


14 


2 


52 


16 


7 


21 


10 


2 


30 


53 


Interviewing 


6 6 


11 


4 


59 


8 


2 


9 


5 


2 


60 


27 


L.ibour relatione 


6 7 


11 


5 


57 


8 


8 


8 


6 


0 


56 


50 


General personnel 


13 13 


12 


8 


40 


9 


11 


10 


11 


4 


41 


44 


Statistics 


5 6 


10 


4 


51 


4 


1 


15 


5 


3 


62 


25 


Safety roattera 


10 14 


18 


2 


42 


12 


11 


16 


4 


1 


41 


44 
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TABLE A6. 2. (Continued) 



ENGINEERS - OTHER WORKS n ^ kO 



SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
No* 

1. 2. 3« 'f. Ans. 




IMPORTANCE 
2. 3. if. 5. 


No. 
Ans* 


USE IN 
YEAR 


Planning 


12 


6 


9 


if 


9 


13 


^ 7 


3 


2 


11 


25 


Organising 


19 


12 


2 


3 


if 


1if 


6 11 


2 


0 


7 


31 


Directing 


19 


11 


5 


1 


if 


10 


10 10 


if 


0 


6 


31 


Controlling 


10 


8 


7 


2 


13 


7 


6 7 


5 


1 


lif 


2if 


Co-ordinating 


11 


8 


if 


1 


16 


7 


if 10 


2 


0 


17 


22 


Intervening 


5 


if 


7 


8 


16 


if 


1 12 


if 


2 


17 


21 


Labour relations 


3 


5 


2 


2 


28 


2 


2 5 


2 


2 


29 


11 


General personnel 


if 


9 


if 


5 


20 


if 


2 6 


if 


5 


21 


18 


Statistics 




2 


5 


5 


2if 


3 


1 8 


1 


2 


25 


lif 


Safety matters 


6 


3 


5 


if 


22 


7 


3 5 


2 


0 


25 


16 



TECHNICIANS - DESIGN n ^ k3 



SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
No. 

1. 2. 3. if. Ans. 


1. 


IMPORTANCE 
2. 3. if. 5. 


No. 
Ans. 


USE IN 
YEAR 


Planning 


6 


2 


3 


3 


29 


2 


3 


8 


1 


0 


29 


13 


Organising 


15 


8 


5 


2 


15 


7 


7 


12 


3 


0 


1if 


29 


Directing 


20 


8 


if 


1 


10 


lif 


7 


9 


3 


0 


10 


33 


Controlling 


6 


7 


if 


1 


25 


3 


if 


7 


3 


0 


26 


17 


Co-ordinating 


5 


if 


2 


0 


32 


3 


0 


8 


0 


0 


32 


10 


Intervieiring 


if 


1 


2 


if 


52 


if 


2 


3 


0 


1 


33 


9 


Labottr relations 


0 


2 


2 


1 


38 


2 


0 


2 


0 


1 


38 


3 


General personnel 


if 


3 


5 


5 


26 


1 


2 


8 


2 


2 


28 


l^f 


Stat:< st-i.es 


if 


2 


0 


5 


32 


1 


0 


6 


0 


3 


33 


10 



EMGINEESS - OTHER WORKS 



n s 'fO 



SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
No. 

1* 2* 5* hm Ans. 


1. 


IMPORTANCE 
2. 3. 4. 5. 


Ane* 


US£ IN 

YEAR 


Planning 


12 


6 


9 




9 


13 


if 


7 


3 


2 


11 


25 


Organising 


19 


12 


2 


3 


k 


jk J. 

1»f 


6 


11 


2 


0 


7 


31 


Directing 


19 


11 


5 


1 


W 


10 


10 


10 


if 


0 


o 


31 


Controlling 


10 


8 


7 


2 


13 


7 


6 


7 


5 


1 






Co-ordinating 


11 


8 




1 


16 


7 


if 


10 


2 


0 


17 


22 


Intervewing 


5 


1. 

H 


7 


o 
O 


1o 


1 


1 




J. 
*f 




17 


21 


Labour relatione 


3 


5 


2 


2 


28 


2 


2 


3 


2 


2 


29 


11 


General personnel 


k 


9 


k 


3 


20 




2 


6 


if 


3 


21 


18 


Statistics 


k 


2 


3 


5 


Zk 


3 


1 


8 


1 


2 


25 


1if 


Safety matters 


6 


5 


3 


4 


22 


7 


3 


5 


2 


0 


25 


16 



TECHNICIANS - DESIGN n = if3 



SUB-CATEGORY 
OF TASK 


FREQUENCY OF USE 
No. 

1. 2. 5. if. Ans. 


1. 


IMPORTANCE 
2. 3. if. 5. 


No. 
Ans. 


USE IN 
YEAR 


Planning 


6 


2 


3 


3 


29 


2 


3 


8 


1 


0 


29 


13 


Organising 


15 


8 


5 


2 


13 


7 


7 


12 


3 


0 


lif 


29 


Directing 


20 


8 


if 


1 


10 


lif 


7 


9 


3 


0 


10 


33 


Controlling 


6 


7 


if 


1 


25 


3 


if 


7 


3 


0 


26 


17 


Co-ordinating 


5 


if 


2 


0 


32 


3 


0 


8 


0 


0 


32 


10 


Interviewing 


if 


1 


2 


if 


32 


if 


2 


3 


0 


1 


33 


9 


Labour relations 


0 


2 


2 


1 


38 


2 


0 


2 


0 


1 


38 


3 


General personnel 


if 


3 


5 


5 


26 


1 


2 


8 


2 


2 


28 


lif 


Statistics 


if 


2 


0 


5 


32 


1 


0 


6 


0 


3 


33 


10 


Safetj matters 


1 


0 


2 


1 


39 


1 


0 


2 


0 


0 


ifO 


if 
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TABL£A6. 2. (Continued) 



TECHNICIANS - CONSTRUCTION n = 9 



SUB-CmTEGORY 
OF TASK 


FREQUENCY OF USE 
No. 

1. 2. 3* 'f* Ans. 


1. 


IMPORTANCE 
2. 3. ^. 5. 


*»o • 
Ane* 


UO£« Xiv 

YEAR 


Planning 


1 


0 


2 


1 


5 


0 


2 


0 


2 


0 


5 




Organising 


5 


1 


0 


1 


2 


1 


2 


2 


2 


0 


2 


7 


Directing 


k 


1 


0 


0 


k 


2 


2 


0 


1 


0 


k 


5 


Controlling / 


5 


0 


0 


0 


6 


0 


1 


2 


0 


0 


6 


3 


Co-ordinating 


1 


2 


0 


1 




1 


1 


0 


2 


0 


5 


if 


Interviewing 


2 


0 


1 


0 


6 


1 


2 


0 


0 


0 


6 


3 


Labour relations 


1 


1 


0 


0 


7 


0 


1 


1 


0 


0 


7 


2 


General personnel 


5 


0 


0 


0 


k 


0 


2 


2 


0 


1 


h 


5 


Statistics 


1 


0 


2 


0 


6 


0 


1 


2 


0 


0 


6 


5 


Safetj matters 


1 


1 


0 


1 


6 


0 


1 


2 


0 


0 


6 


3 



TECHNICIANS - OTHER WORK n = 8 



Plauni ng 


2 


1 


3 


0 


2 


1 


1 


1 


2 


0 


3 


4 


Organi sing 


5 


1 


2 


0 


0 


5 


0 


2 


1 


0 


2 


5 


Directing 


h 


0 


1 


0 


5 


2 


1 


1 


1 


0 


5 


k 


Controlling 


2 


1 


2 


0 


3 


3 


0 


1 


1 


0 


5 


if 


Cu-ordinating 


5 


0 


0 


0 


3 


3 


0 


1 


0 


0 


if 


3 


Interviewing 


0 


0 


0 


1 


7 


0 


1 


0 


0 


0 


7 


1 


Labour relations 


1 


0 


0 


2 


5 


1 


1 


0 


0 


1 


5 


2 


General personnel 


2 


1 


0 


1 




1 


0 


2 


< 


0 




if 


Ctfttieticc 


1 


1 


0 


2 




2 


0 


1 


1 


0 


k 


5 


Safety roatterfl 


1 


0 


0 


4 


5 


2 


0 


1 


0 


1 


k 


3 



ERIC 



APPENDIX 7 



TASK ANALYSIS QUESTIONNAIRE 
- TECHNICAL MATTERS 



The frequency of response is given in each of the cells of 
the table below for-- 



'^ELEMENTS*' OF 
aVIL ENCUNEERma 
KNOWLEOGE 



ERIC 



STRilCTUHES:^ 

Stress calculations (e.g. F • ^) 
Frame Analysis ' 

using manual methods 

using computers 

a) via terminal to large instaKaUon 

b) on site small computer 

c) desk top programmable calculator 
using handbooks 
elasticity (stress, strain etc ) 
statfcs (i e virtual work) 

Design 

metal structures. Inc. steel 
concrete structures 
timber 

code of practice 
safety factors and load factors 
Other iptease specify) 

MATERIALS - 

Mecnamcai Testing 
Quality control 
Selection & specifications 

Mmaiitc 

Organic (including timber) 
Concrete 
Ceramic 
Silicate 
Road Materials 
Rheologv 

Other (pirase specify) 
ditto 

WATER r> 

Soiuiion of hydraulic Problems 

from first principles 

using empirical formulae 

u*iing computer (^ekagee 

using handbooks 

using models 
Solution of hydrology prcAlems 

using raw data & first fN'Inctplet 

using standard design proMdur^ 

(e.g. Australia Rainratl & Runoff Handbook) 

using computer padcage 

using oHKlels 

using systems analysis 
Hydrostatics 
Hydrodynamics 
Wator engineering 




the table below for.*-- 



60 



UMlA 
YMf 



''ELEMENTS* OF 
CIVIL ENOINEEnilG 
KNOVLEDQE 



STRUCTURES:- 

Stress calculatims (e.fi- F • ^) 
Frame Analysis ' 

using manual methods 

using computers 

a) via terminal to large installation 
D) on site smalt computer 
c) desk top programmable calculator 
using handbooks 
elasticity (stress, strain etc ) 
statics (I e virtual work) 
Design 
metal structures, inc. steel 
concrete struchires 
timber 

code of practice 
safety factors and load factors 
Cther ipiease specify) 

j»no 

MATERIALS: ' 

Mechanical Testing 
Quality control 
Selection & specifications 

MRtattic 

Organic (including timber) 
Concrete 
Ceramic 
SUtcate 

Road Materials ' 
Rheology 

Other (please specify) 
ditto 

WAT£B> 

Solution of hydraulic prc^lems 

from first principlM 

using empirical formulae 

u'iing computer paekaget 

using handbooks 

using models 
Solution of hydrology problems 

using raw Mta & first principles 

using standard design procedures 

(e.g. Australia Ralnlall & Runoff Handbook) 

using computer package 

using models 

using systems analysis 
Hydrostatics 
Hydrodynamics 
Wdter engineering 
Other (please specify) 

ditto 
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APPilNDIX ? 



TASK kUkliSiij Q\;'£STlOmklRE 
- TECHNICAL MATTERS 



The frequency of response is ^^iv^m* in eaca oi the cells of 
the table below for 



ELEMENTS** OF 
CiVIt ENQtNEEfUNQ 
KNOWLEDGE 



SOILS: 

Geological assessment 

Field investigations 

Laboratory investigations 

Foundation design or assessment 

Earth structures design (e.g. embankments 

Jams, road bases) 
Mechanics 
Engineering 
Other (please specify) 

ditto 

CQNSTRUCTiON. 

Cnticat Path Mettiods 

Fxpiosi ves 
Of Hlmq 

ELEC fHICAL ENGtNEERINQ :- 

EiLiipfuent specification 
Oth**r (please specify) 
ditto 

MATHEMATICS 

BASiC aigeora. geometry h d trigonometry 

CalcuJus 

Nunieruui' Methods 
Other ipiease specify) 

dMtO 
COMPUTERS 

Vfnting prc^rams 
Using programs 
Other ^please specify) 
ditto 

EQUIPMENT & PLANT 

SURVEYtNQ 

Leveliing 
Setting out 
Traversing 
Photogrfimmetry 
Other (please specify) 
O ditto 



ERIC 



[MISTRY - ENQINEERIMO 



.1. 
20 4t> 

it It 



I i 
& & 



Level of 
Knowledge 




— t — i — 

o \a ^ o 
4 p J .z 

O.f 'o'.i 

,._..i..J....L- 
.5 



..1 



o.P . t .0 

I 1 

J -J... 

O I ,0.1 

0 1. o 
o « o o 



2 fi9 

1 ST 



3i 



Frequency Importance 




1.2,3.4 



O . O lOJO 

0 2 9 5" 

1 iff 

2. ^ id to 

;a;d 

0;3 ;i3l6 



( 3 o o 



o .0 1 I . I 




> > £ £ 



1 S 



.1 . ^. . 
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- TECHNICAL MATTERS 



The frequency of response is given in each of the cells of 
the table below for 
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CIVIL ENOINEERtNO 
KNOWLEDGE 
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STRUCTURES :- 

Stress calculations (e.g. i 
Frame Analysis 

using manual methods 

using computers 

a) via terminal to large Installation 

b) on Site small computer 

c) desk top prognEunmabte calculator 
ust ng tiandbooks 

elasticity (stress, Strain etc.) 
statics (i e virtual work) 
Design 

mptai structures, inc, steel 
concrete struclures 
Umber 

code of practice 
safety factors and load factors 
Gtner ^p^ease specify) 

MATERIALS > 

M^^cnapica* Testing 

Ouahfy control 
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Metal he 

Organic (including timber) 

Concrete 

Ceramic 

S*hc <e 

Roud Materials 

Rheoic^v 

Other pi'iase specify) 
ditto 

WATER . > 

Soiiifion of hydraulic problems 

from first principles 

♦istnq empirical formulae 

us ng corrputer padidgee 

u3(ng handbooks 

using models 
Solution of hydrology problems 

using raw data & first f^^inciples 

using standard design procedures 

{e.g. Australia Rainfall & Runoff Handbooi) 

using computer p^ick«me 

uSfng models 

using systems analysts 
Hydrostatf :s 
Hydrodynamics 
Writer engineenna 
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Stress calculations (e.g. F - ^) 
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c) desk top programmable caicutator 
using handtx>oks 
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Other (please specify) 
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Sci'ition of hydraunc oroblems 

from first principles 

jsmg empirical formulae 

ustng computer package 

uc^tng handbooks 

usirg models 
Solution of h}rdrology problems 

using raw data & first fN^inclples 

using standard design firocedyres 

(e.g. Australia Rainfall A Runoff HandbooKi 

using computer package 

using models 

using systems analysis 
^^ydrostatlcs 
Hydrodynamics 
Writer engineering 
Other (please specify? 
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Otner (piease specify) 
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TASK ANALYSIS QUESTIONNAIRE 



- TECHNICAL MATTERS 



The frequency of response is given in each of the cells of 
the table below for 
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KNOWLEDOE 




STRUCTURES :- 

Stress caicutations (e.g. F » 
Frame Analysis ^ 

using manual methods 

using computars 

a) via terminai to large installation 

b) on sue small computer 

c) desk top progrmmabie calculator 
using handte^ks 

elasticity (stress, strain etc ) 
statics (t e virtual work) 
Design 

metal structures, inc. steel 
concrete structures 
♦imber 

code of practice 
safety factors and load fi^tor^ 
Otner ic^ease specify) 



MATERIALS . 

Mec:nan»cai Testing 

Quality control 

Selection & specifications 

Metathc 

Organic including timber) 
Concrete 
Ceramic 
Silicate 
Road Mitertafs 



Rheoiogy 

Other (pi( 
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ease specify) 

ditto 

Soluf ton of hydraulic problmns 

from first principles 

us ng empirical formulae 

using computer packages 

using handteoks 

using models 
Solution of horology problems 

using raw fibata & first priMlples 

using standard ^Bslm proe«diires 

(e.g. Australia Rainfall & fkmofi Handbook) 

using computer pack^e 

using models 

using systems analysis 
Hydrostatics 
Hydrodynamics 
Water engineering 
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Stress calculations (e.g. F - ^) 
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7wde of practice 
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Concrete 
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Road Materials 
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WATER > 

Solution of hydraulic problems 

from first principles 

us ng empirical formulae 

using computer packages 

using handbooks 

using models 
Solution of hydrology (Nrc^lems 

using raw data & first pr incipies 

using standivd ctosign prooKtures 

(e.g. Australia Rainlall & Runoff Handbook) 

using computer package 

ysmg models 

using systems analysis 
Hydrostatics 
Hydrodynamics 
Writer engineering 
Other (please specify) 
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Field investigations 
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Basic algebra, geometry and trigonometry 
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Other (please specify) 
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Other (please specify) 
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Setting out 
Traversing 
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Geological ass^^ssment 
F^eid investigations 
Laboratory investigations 
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Using programs 
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Setting out 
Traversing 
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- TECHNICAL MATTERS 



Th<» frequency of response is given in each of the cells of 
the table below for 
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code of practice 
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Organic iincluding timber) 
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Roid Materials 
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Soiutiw r>f hydraulic problems 

from fir^r principles 
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iVjtff engineering 
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Seiecf'on & specifications 

MetaMfc 

Organic i<ncludmg timber) 

Conc^-ete 

Ceranic 

S'iicate 

Roao Matenals 

Rnecogy 

Other (please specify) 
ditto 



IkrlfVOi ot 



im^tance Otflicaity 



lUse In 
Year 



-4-- 



STRUCTURES : > 

Stress calculations (e g F « ^) 
Frame Analysis * 

usmq manual methods 

usino computers 

a) v/iTterm nai to large instatiauon 

t>l on Site small computer 

c) desk top programmabio catculatoi 

using handbooks 

eUstui^y <sfr4^ss Strain etc ; 

sf.itt^^ if « virtuit vwork^ 

mHii structures, mc steel 
concr*fte stri/ctures 

ii^ety factors and load factors 
Cher ; eose specify) 



Si 



c it 



4k! 



1 2 3 



4 i f 2 
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o o o o 



3 11^ 



1 2 



T 



3 4 



S 



1 
' I 

f! 
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Solution of hydraulic problems 

ffom fi'^t pfmciples 

'j^ nc; en)pincal formulae 

usmg computer packages 

u^^ ng hnndbOOks 

ustng models 
Solution of hydrology problemt 

using rcw data A first prtiKlples 

using standard desion proMdures 

(e.g. Australia Rainfall & Runoff Handbook)! 

using computer padcage 

using rnodelS 

using Systems analysis 
Hydrostattcs 
Hydrodynamics 



r, 



T 



0*0 o '0 0 off o\o 
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"ELEMENTS'* OF 
CIVIL EMCINEERINO 
KMOWLEOaE 



STRUCTURES ^ 

Stress calculations (e.g F m^t) 
Frame Analysis « 

usmq manual methods 

y^imi computers 

a) vtfi termindi to large mstaHation 

b) on Site small computer 

c) des4 top progr^nmable caiculatoi 
uSinq handbooks 

♦jM'stii i*y istfess, sirahl etc ) 
s!4it«i.'> u I? virtuit work) 

mftit structures inc Meel 
concr#*te structures 

r.'^^]^ 0* p'-actice 
= factors and load factors 
vt^er ease specify) 




n 



,g 0,0 Or^, 

' Q.p O 9-, 
_ O Q I O O 



O "lie* 0,ft Q:.o ;> O.OlO.P.CQ oToo o 

' I IO< O » O O C; « O 6 1 0 O ! . O O » . O 
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o o c 
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.ftJ7iQ,jo^o e g o £ p o o. 
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MATERIALS - 

Wrn^rici' Testing 
Oua^rty control 
Selection & specifications 
Met.viic 

Organic ^including timber) 
Concrete 
Ce^aiitc 
S'ltcate 
Road Materials 
Rneo ogy 

OthFf (pt^ase specify) 
data 

tWATER 

Solution of hydraulic problems 
from fns! principles 
u»<riq empirical formulae 
u^mg computer packages 

u%fng iiandt^OkS 

usm^ models 
&>iution Of twdroiogy probltms 
fusing raw data & first prtnciptes 

usmq stinidard design prooMluree 

le.q. Australia RaimaM A Runoff Handbook). . . 

jsmg computer pacKaga ' rij^ 

vJSinq ncdels \ Q.:^^J 

usmq s^ystcT^^ analysis ' O 

Hyd'i)sta!fcs » O 

Hydrodynamics ; Q4f/<^ 

filter engineer ing I 
Other tpiease specify) : ♦ 
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YASK ANALYS IS Cj ii^>?TIOWNA l^^K 
- TECHNICAL MA n'teHS 



Tho frequency ol r4n;|»of»M« ii fivj-n t n < ui i lu r 1 i c j 



itio tible below for 



"CLi-yEMTS" Of 
Civil. ENQINEEMNC 
lOIO»L£Oa£ 



Fi«id inve&tigalions 

Foundation design or atsessRMNit 
Earth stiuctures dosign (o.o. wnbanlonenta 

dnns, road b£»as) 
Mectianics 
Enflineermg 
Other (please s»iecity) 

ditto 

COIiSTmiCTIOM:- 

Crittcai Path Methods 
Expiosivor' 
Drilhng 




ELECTfMCAI. EMOltiEEWWa :' 

Net«»orli analysis 
Equipment ^>ecification 
Other (please specify) 
ditto 

MATHEMATIOB 

Basic algebra, geooietiy and trigonometry 
Calculus 

Numerical Methods 
Other (please specify) 
ditto 

C<MiPUTERS 

System Analysis 
Wiritmg prograimt 
Using programs 
Other (please ^Mclfy) 
ditto 

EQUiPMENT A PLANT 

aiWVBVIIiG 

LMfllno 
Seflingoul 
Traversing 



(Mwr (ploaso specify) 
ditto 



E^ wfTWY ~ EfranieEWiia 

(e g. corrosion) 



■Us* 



"£i.fcWeilTS'* OF 

Civil CMOiNECfiiNG 

ICNOWLEOOE 



Field tnvetiitgatiant 

Later afoty invastitfaticns 

Foiffidation design or awrasm^t 

Earth structures design (e.g- mubanktimx^ 

dams, road bases) 
Mechanics 
Ejigitieering 
Ottwr <please specify) 

ditto 

Critic^;! Path Mstbods 

Explosives 

Oriiiing 

eLeCTWtCAL EHQINEEWWO :- 

Netv^ti analysis 
Equipment specification 
Other (please specify) 
ditto 

MATHEMATiCS 

Basic algebra, geooietfy and trigonometry 
Calculus 

Numerical Methods 
Other (please specify) 
ditto 

COMPUTERS 

System Analysis 
tmriiing programs 
Using programs 
Other (please specify) 
ditto 

EOMlPMEtiT A PL AWT 

SUWVEYItiC 

Levelling 
Siting out 
Traversing 

PtIOlC 



Other 

ditto 
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ease specify) 
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leg thermodynamics) 
060LO0Y - EflQINEEillllQ 

te g. Mability of rocks) 
mOLOCV - ENQNEEfUNG 

(e-9- water S seemage, iiivininment, public 
OTHER please specify) K««4<1)) 
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APPENDIX 7 



TASK ANALYSIS QUESTIONNAIRE 
- TECHNICAL MATTERS 



The frequency of response is given in each of the cells of 
the table below for 



TeCHNiCtfi^HS - OTHEf^ WORK 
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"ELEMENTS" OF 
CIVIL ENQINEEIUNG 
KNOWLEDGE 



STRUCTURES:. 

Stress caiculatimt (e.g. F • ^) 
Frame Analysis * 

using manual methods 

ustng computers 

a) via terminal to large instaltation 

b) on site smalt computer 

c) desK top programmable calculator 
using handbooks 
elasticity (stress, strain etc) 
statics (t e virtual work) 

Design 

metal structures, inc. steel 
concrete structures 
ttmtwr 

code of practice 
safety factors and load factors 
Other ipiease specify) 

iitto 

MATERIALS - 

Mechanical Testing 
Quality control 
Selection A tpecMioationa 

Metallic 

Organic iincluding timber 
Concrete 
Ceramic 
Silicate 
Road Materials 
Rneoiogy 

Other (please specify) 

ditto 

Solution of hydraulic problems 

from first princi|NM 

using empirical fonmilae 

using computer packages 

using hantfbooka 

using models 
Solutinn of hydrology problems 

using raw Mta & Tirtt prinelpies 

using standard design procMvrss 

(e.g. Australia Ralnfil! & Runoff Hsndboolc) 

using computer paekags 



Use 



.etrei of 
Knowledge 



Fie^usncy 



Importance 



Difficulty 




Use In 
Year 
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''ELEyENTS** OF 
CIVIL ENOINEEWNG 
KNOWLEDQE 



Stress caioilationt (e.g. 
Frame Analysis 

usmg manual methods 

using comfHiters 

a) via lermmai to large installation 

b) on site small compter 

c) desii top prograimnable calculator 
using handbooks 
elasticity (stress, strain etc ) 
statics (t e virtual work) 

Design 

metai structures, inc Steel 
concrete structures 
timber 

code of practice 
safety factors and load factors 
Othe^ ^piease specify) 

^itto 

MATERIALS:- 

Mechanical Testing 
Quality control 
Selection & specifications 

Metallic 

Organic (including timber) 
Concrete 
Ceramic 
Silicate 
Road Matsf lals 
Rheoiogy 

Other (please specify) 
ditto 

8(AIEB> 

Solution of hydraulic problems 

from first principles 

using empirical fonnulae 

using computer paoteges 

usif^i handbMka 

Minq models 
Solution of hydrology problems 

using raw rata & first prii^lples 

using standard desim prooeoures 

(e.g. Australia Rainfall A Runoff Handbook) 

using compute package 

using models 

using systems analysis 
Hydrostatics 
Hydrodynamics 
i\Mm engineering 
Other (please specify) 

ditto 
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TASK ANALYSIS ^UESTiUNNA I HK 



- TiSCHWICAL MATTERS 



The frequency of response ^jiven m each ci' lue cc-il^ jf 



the ruble below for 

TeCHMtCfAN6 -OTHER WORK 



A 



IS 




SOtLS > 

Geologicai assessment 
Field irtvestigaltms 
Laboratory investigations 
Foundation design or assessment 
Earth structures design (e.g. embankments 

dams, road bases) 
Mechanics 
Engineering 
Other (please specHy) 

ditto 

CQWSTimCTiOW> 

Critical Path Memods 
Explosives 
Drilling 



ELECTWICAL ENQtNEeWNO > 

NetworK analysis 
Equipment specification 
Other (please specify) 
ditto 

MATHEMATICS 

Basic algebra, geometry and trigonometry 
Calculus 

Numerical Methods 
.j\her (please specify) 
dUtc 

COMPUTERS 

System Analysis 
Writing programs 
Usir>g programs 
Other (please specify) 

ditto 

EQUiPMEWT ft PUAWT 

SURVeVlliG 

Levelling 
Setting out 
Traversing 
Photogrammetry 
Other (please specify) 

er!c*"» 

'flHsHISTRY . EHOMEeWNa 



TeCHNIClANS -OTHER WORK n-it» 



'*ELEUENTS'*OF 
CIVIL ENGlNEERiNG 
KNOWLEDOE 



SOILS : ' 

Geoiogicdi assessment 

Fteid investiyatims 

Laboratory investtgations 

Foundation design or assessment 

Earth structures desii^ (e.g. embMkments 

dams, road bases) 
Mechanics 
Engineering 
Other (please specify) 

ditto 

CONSTRUCTIONS 

Critical Path Methods 

Explosives 

Oriltmg 

ELECTRICAL ENQINEERtNQ > 

NetworK analysis 
Equipment specification 
Other (please specify) 
. ditto 

MATHEMATICS 

Basic algebra, geometry and trigonometry 

Calculus 

Numerical Methods 
Other (please specify) 
ditto 

COMPUTERS 

System Analysis 
Writing programs 
Using programs 
Other (please specify) 
ditto 

EQUIPMENT A PLAMT 



SURVEYING 

Levelling 
Setting out 
TravfN^sing 
Ph<Mogrammetry 
Other (please specify) 
ditto 

CHEMISTRY * ENOINEERING 

(e.g. corrosion) 
PHYSICS - ENGINEERING 

(e g thetmodynanucs) 
GEOLOGY - ENGINEERING 

le g> stability of rocks) 
BiOLQgY - ENdNEERING 

(e.g. water A semerage, envlromnefit, public 
OTHER {please specify) hiMH) 




APPENDIX 6 

TASK ANALYSIS QUESTIONNAIRE > TRAINING ANALYSIS 



Pages 9 and 10 of the Task Analysis questionnaire were 
concerned with training in relation to the specific categories of task 
viz. technical, manual, economic , communication, and management. 
Analysis of the data generated in answers to specific questions was, 
in the first place, carried out by reference to categoriers of formal 
qualifications. Originally there were fourteen categories, shown in 
Table A.8.1., but these were reduced to eight, shown in Table A.8.2. 



TABLE A. 8.1. 

QUALIFICATION CATEGORIES ANP NUMBER OF 
RESPONDENTS IN EACH CATEGORY 





NUMBER OF 
RESPONDENTS 


B.E. (Civil) 


81 


B.Sc. (Civil Engineering) 


20 


Professional Institute qualification 


5 


Diploma - civil engineering 


37 


Local Government certificate 


^k 


Degree - other 


15 


Diploma - other 


5 


Structural engineering certificate 


21 


Drafting certificate 


14 


Engineering surveying certificate 


28 


Materials testing certificate 


k 


Certificate - other 


36 


No qualification 


45 


No answer 


8 


TOTAL 


331 
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, ^ ox tilt*- wix quv;-.t*ouc were ar. fullowi*.: 
1? jj.v'iit by writing a n\imb«»r '^.ielcc tod from t!^' '^ >int 



eruphrusi a 
f 



none ,| 
' — I 



*;f., J.., ^raj .x} oricMico been of irnvortraure in the acquieition 
of .:Ki^\ :n relation to thiti ta^k? 

i'i , , . , t .> wrn:tig '3 nuwbex* ^^eloctffd from the ^f-poiut 



much 



2 



Gome 



ii ttlc 



T" 



■(J "Wh:. t 'i .v'i'i think if the ber,t pattern of training for acquirinr 
ERJC ' h'? i'.rirw'ir- r ei^u ii ed for the performance of the taak? Sc iv ( i 
OH'. ' th«,' following for each of the categories of taak. Fuil 



I B.iS. (Civii)^ B.Sc* (Civil Encineering) 

I Pip.ioma - civil enj^in^ic-riuf; 



1 M 



• ; ^ (it • ■ * 1 ' . ■ • f . 



^ . M ,T/f ' ; 'i 1 ..kill i.i Mr . 

V. V.' ..*x qut.-i . on;:. Wtvre a:^ ftjLlowr. ; 







none H 
— I 



> .7rM : r; • r* niintb^^r Ke'l tu' t<:'d from the ^i-poini 



■a tic 



* 'I 



L ' J 



:/'/. think ir. "n^^ bc^.-^t p^tt^.^rn trSAxrAnr^ ''or arqujrinr 
. ff'*?! >n i-od for the yinri'^-^rrr^r-'iv^c Ihr ta^ik? Sruii. 
ri - 1 Jlcwinp fur oach of the- c -K^^/^rioz of Kir^k Kul - 
' . ; time follow-^d by part-time. HanUw X'*h/bi o^•k 

W.I. ^^r'^ining within indu^tr;/K Thcrt i nicMi^^ivf 
, r ru: uond^ncoi Self lei^rninr., Otbf 



-I ♦* 
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5) •*To what extent is your poet-eecondwy/tertiary training opeeifiqally 
used in the performance of the category of task? 

Please indicate by writing a nuober selected from the following 
'♦-point scale. 



almost 






very 


all 


much 


some 


little 


r 









Table A. 8.?. deals exclusively with data ooneerned with 
technical matters related to the questions one-five « and examined 
with reference to the eight categories of qualifications detailed 
earlier* 

There were numbers of nil answers in this section and W9 
have therefore included in this table and subsequent tables of this 
appendix the percentages for each frequency. This may be qf assistance 
in spite of the tables appearing were formidable with the extra 
figures . 

Table A.S,'*,, deals with manual skillSf A.8,5« with eeonomie 
matters, A. 8. 6, with communication matters, and A,8.7. with management 
matters, each with respect to questions one to five. 
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TABLE A. 8. 5. 



TECHNICAL MATTERS 
(frequency first, percent age second) 



1 ) Ani.*ei- 



?) Answer 



O 
1 

5 



0 
1 

2 



3) Answer 0 
FuXl-time 1 
Fu 1 1 / pa r t -ti. * « e 2 
Part-time 5 
Sandwich ^ 
T.».I. 5 
Short-couifoe 6 
Correspond* 7 
Self-learningS 
Other 9 



k). Answer 0 
Degree level 1 
Sub " " 2 



5) Answer 



0 
1 
2 

3 

it 



iiUALlFlCATION CATEGOKY 



12 
1 



1 

3 
0 
0 

1 



2% 

30 
11 
1 



2 

bO it? 
31 29 

^k 13 



6 

5>9 
15 1^ 

11 10 

7 7 



1 

3 
0 
0 

1 



53 

it? ^'^ 
5 3 



2 

?6 25 
k2 

28 26 
6 6 



5% 
10 27 
18 ^9 
8 22 
0 0 



3 

19 51 
9 2^ 
6 16 
2 5 



8 

11 30 
5 -ik 
9 Z't 
7 19 
2 5 



0 
0 
0 
0 



0 
0 
0 
0 



57 
1*+ 38 

2 5 



3 

8 22 
17 ^6 
8 22 
2 5 



o> to 

O > 

O O 1*4 



» o a> 

OHO 

a a 



6 
6 
1 
1 



0% 

'♦3 
7 
7 



656 
^* 22 
10 56 
3 17 
0 0 



9 
k 
1 
0 



0 
6k 
29 
7 
0 



6 

8 4^ 

3 17 
i» 22 
2 11 



0 

6 k3 
3 21 
1 7 
h 29 
0 0 



11 

3 17 
5 28 
5 28 

3 17 
0 0 



0 
0 
0 
0 



0 
0 
0 
0 



0 
0 
0 
0 



0 
0 
0 
0 



29 
9 6^ 
1 7 



8 kk 
2 11 



0 1 




6 




lit 


1 7 


k 


22 


k 


11 


6 '♦3 




50 


8 


23 


5 36 


2 


11 


12 


3«» 


2 ^k 


2 


11 


6 


17 
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at 
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ti 
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(H 
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•rt 
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a 9 



7 
12 
11 

1 



11% 
20 

3^ 
31 
3 



5* 
15 38 
11 28 
ll2 29 
O 0 



17 
7 
k 
2 



14 
^♦9 
20 
11 
6 



5 

|25 63 
llO 25 
3 8 
1 3 



3 
1 

16 
3 
3 
2 
0 
0 
0 



20 
9 
3 

9 
9 
6 
0 
0 
0 



15 
7 18 
6 15 
|12 30 
3 8 

5 13 

6 0 
0 0 

0 0 

1 3 



51 I ^5 
6 17 10 25 
11 31 11 28 



2 5 



0) 

a 

« -H 
ft <M 
+» H 
O -M 

o 



0% 

10 36 

11 39 
6 21 
1 k 



0 

17 61 
9 32 
1 if 
1 if 



7 

3 11 
0 0 
13 if6 
6 21 



3 
0 
1 
0 
0 



11 

0 

k 

0 
0 



50 
6 21 
8 29 



0 

6 21 
9 32 
10 36 
3 11 



8 



a 

I o 

•H +J 
OHO 
S <0 U 
{3 H 



9 

13 
li* 
11 



36 
8 
if 
2 



7 
6 

19 
3 

16 

3 
0 
0 
0 



3 

16 



8 

17 
10 

9 



1151^ 

17 

25 

26 

21 



6 
68 
15 
8 
k 



8 

13 
11 

36 
6 

21 
6 
0 
0 
0 



6if 
6 

30 



17 
15 
32 
19 
17 



a = 



106 



37 



lif 



18 



35 



ko 



28 



53 
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CORRIGENDUM. 

^» 111 



Due to an error arising from transposition 



- 



Question 



1 ) An£>wer 



1^) Aiiiiwer 



0 
1 

3 



0 
1 

2 



2* 

12 11 

1 1 



3) Answer 0 
Pull-time 1 
Full/j»art-tnae2 
Part-time 3 
Sandwich ^ 
T.I.I. 5 
Sbort-courfie 6 
Correspond* 7 
SeXf-IettrningS 
Other 9 



k) Answer 0 
Degree level 1 
Sub " " 2 



5) Aniiwer 



0 

1 

2 
3 



1 

3 
0 
0 

1 



t?0 ^7 
31 29 

9 9 



6 
^9 

15 1^ 

11 10 

7 7 



1 

3 
0 
0 

1 



53 
5 3 



o 



?5 

« > ♦» 

o o »« 

»4 0 g 



« o » 




n = 



2 

?6 25 

28 26 
6 6 



106 



3% 

10 27 
18 ^+9 
8 22 
0 0 



6 
6 
1 
1 



0% 
^3 
'♦3 

7 

7 



6?IS 
I 22 
10 56 



3 
0 



17 
0 



7 
12 
11 

1 



11* 
20 

31 
3 



3 

19 51 
9 2V 
6 16 
2 5 



9 

1 
0 



0 
6^ 
29 
7 
0 



6 

8 

3 17 

4 22 
2 11 



lif 
17 '♦9 



7 
2 



20 
11 
6 



8 

11 30 



5 
9 
7 
2 
0 
0 
0 
0 



14 
2h 
19 
5 
0 
0 
0 
0 



0 

6 '♦5 
3 21 
1 7 
V 29 
0 0 



11 

3 17 
5 26 
3 28 
3 17 
0 0 



20 
3 9 
1 3 
16 46 

3 9 



0 
0 
0 
0 



0 
0 
0 
0 



0 
0 
0 
0 



0 
0 
0 
0 



5 

2 
0 
0 
0 



9 
6 
0 
0 
0 



57 
14 38 

2 5 



29 
9 64 
1 7 



44 
8 44 
2 11 



51 
6 17 
11 31 



3 

8 22 
17 46 
8 22 
2 5 



37 



1 
6 

5 
2 



0 
7 
43 
36 
14 



14 



6 

4 22 
9 50 
2 11 
2 11 



18 



14 
4 11 
8 23 
12 3^ 
6 17 



55 



■ri 
• *» 
to U 



3% 
5 38 

11 28 

12 29 
0 0 



3 

25 63 
10 25 
3 8 
1 3 



15 
7 18 
6 15 
12 30 
3 8 

5 13 

6 0 
0 0 

0 0 

1 3 



^5 

10 25 

11 28 



5 

10 25 
I'* 35 
12 50 
2 5 



40 



e 
u 



0% 

10 36 

11 39 
6 21 
1 4 



0 

17 61 



9 
1 
1 



32 
4 
4 



7 

3 11 
0 0 
13 ^ 
6 21 



3 
0 
1 
0 
0 



11 
0 
4 
0 
0 



50 
6 21 
8 29 



0 

6 21 
9 32 
1*0 36 
3 11 



I o 

ft 4* 

O «-4 OS 



9 
13 
14 
11 



36 
8 
4 
2 



7 
6 

19 
3 

16 

3 
0 
0 
0 



3 

16 



8 
17 
10 

9 



11* 

17 
25 
26 
21 



6 
68 

15 
8 
4 



8 

13 
11 
36 
6 
21 
6 
0 
0 
0 



64 
6 

30 



17 
15 
32 
19 
17 



53 







CORRIGENDtm. Due to an error arising froffl transposition 
of columns in a computer print-out, all figures under 
columns 6 and 7 should be transposed in Tables A.8.3* - 
A. 8. 15, in Table A. 8. 22., and Table A. 8.23. In Tables 
A. 8, 16., A. 8, 17., and A. 8. 24., only the values of 'n* in 
columns 6 and 7 should be trauxsposed. 





ERIC 



A.8. p. 4 



TABLE A. 8. 4. 



MANUAL SKILLS 
(frequency first, percent age second) 





QUALIFICATION CATEGOBT 


1 


2 


3 


4 


5 


6 


7 


8 


Question 


• 

pa u 

« 


B 
0 

■a. 

o 


*» 4» 

i V 

(8 « •H 
U > 4^ 
O O U 

u 


1 

o> § 

9 Q U 
Q Q 0 


1-4 <P 
« « 
h V 
9 • 'H 
4» 

O Ti 
5J <S *» 
b (« >4 
Q O 


>» 

o « 
> -p 

^ « 

9 O 
CO H 

• 1-1 

^ i 

O 


a 

(9 
u 

•H 

* tl 
^ o 
o 


1 a 

Vi o 
•H 'rt 
H 4i 

d « 

O 9 O 
SB W-H 


1 ) Answer 0 

1 

2 

3 
k 


16 15 
32 30 
37 35 
9 9 


24% 
1 3 
17 46 
6 16 
4 11 


796 
1 7 
6 43 
6 43 
0 0 


17% 

0 0 
6 33 
8 44 

1 6 


26% 
10 29 

7 20 

8 23 
1 5 


33% 
7 18 
12 30 
5 13 
3 8 


7% 
10 36 
10 36 
3 11 
3 11 


25% 
10 19 
18 3^ 
5 9 
7 13 


12) Answer 0 

1 

2 

3 

k 


11 

ko 38 
21 20 
24 23 
9 8 


24 
14 38 
8 22 
4 11 
2 5 


21 
7 50 
3 21 
1 7 
0 0 


17 
6 33 
5 28 
3 17 
1 6 


25 
18 51 
6 17 

3 9 
0 0 


30 

18 45 
6 15 
4 10 
0 0 


7 

19 68 
6 21 

0 0 

1 4 


19 

31 59 
7 13 

2 4 

3 6 


3) Answer 0 
FulX-time 1 
Full/part-tiine2 
Part-tine 3 
Sandwich k 
T.W.I. 5 
Short course 6 

Correspondence? 
Self learning 8 
Other 9 


14 

19 18 
3 3 

25 24 
6 6 

28 26 
6 6 

0 0 

3 3 

1 1 


35 

1 3 

2 5 
7 19 
2 5 
9 24 
2 5 

0 0 

1 3 
0 0 


14 
1 7 

0 0 
3 21 
3 21 
3 21 

1 7 

0 0 

1 7 
0 0 


17 

1 6 
3 17 
3 17 

2 11 
5 28 
1 6 
0 0 
0 0 
0 0 


26 

0 0 
2 6 

13 37 

1 3 
10 29 

0 0 
0 0 
0 0 
0 0 


40 
0 0 
0 0 
9 23 
2 5 
13 33 
0 0 
0 0 
0 0 
0 0 


18 

0 0 

1 4 
12 43 

2 7 
7 25 
0 0 

0 0 

1 4 
0 0 


25 

2 4 

1 2 
15 28 

1 2 
19 36 

1 2 

0 0 

1 2 
0 0 


4) Answer 0 
Degree level 1 
Sub w " 2 


66 

1? 16 
19 18 


78 
3 8 
5 14 


71 

1 7 
3 21 


78 
2 11 
2 11 


71 
1 3 
9 26 


80 
5 8 
5 12 


71 
1 4 

7 25 


81 

0 0 
10 19 


9) Answer 0 

1 

2 

3 
4 


10 

13 12 
21 20 
40 38 
21 20 


27 

1 3 
9 24 

13 35 
4 11 


21 
0 0 

2 14 
6 45 

3 21 


17 
0 0 

5 28 

6 33 
4 22 


23 
3 9 
10 29 
6 1? 

8 23 


33 
3 8 
8 20 
10 25 
6 15 


7 

6 21 
10 36 
8 29 

2 7 


30 

12 23 
11 21 
6 11 
8 15 



106 37 14 18 35 ^0 . 28 53 



A. I r ^. 



ECQHOillC/FmMICIAL MATHSaS 
(frciiuency firsts percent age second) 



(luetation 



1) Answer 



] qOALIFICATION CA1BG0BT | 


1 1 1 


2 J 


3 1 


^ 1 5 1 


6 1 


7 1 


8 1 


1 * 1 

1 V 
1 o • 
1 M u 
1 ♦* 
1 * * 
1 A I 


i-i 

'** 
o 


4> • 1 

e ^ 4» 
Q o f« 


• U 5 

•I J 1 5 


>» • 1 

1 1 


1 
1 

0 1 

o 1 

Is 


■ fi 

%4 O 

r44» 

O S O 

1 SB 


)| 9* 

1 1 1 

? 6 6 
jb9 ^ 

^50 2B 


0 0 

l» 11 

13 35 
111 30 


7* 

0 0 

1 7 
6 <b3 
6 i^3 


11*1 66* 
0 0 1 0 0 
0 0 1 0 0 
9 50 1 11 
7 39 j 8 23 


35* 

2 5 

3 8 
13 32 

8 20 


7* 

0 0 
0 0 
13 

13 ^ 


51* 

2 <l 
k 8 
7 13 
15 2^ 



2) Answer 



0 

1|53 50 

2 32 30 

3 10 
k\ 1 



9 

1 



22 
113 35 
|15 'fri 
1 3 
0 0 



8 

k 
1 
0 



7 
57 
29 
7 
O 



9 
3 
3 
1 



11 

50 
17 
17 
6 



k 
2 
2 



66 
11 
6 
6 
11 



9 
k 
8 
6 



32 
23 
10 
20 
15 



0 



7 

29 
1«» 



8 29 
6 21 



|15 
6 
k 
3 



«»7 
28 
11 
8 
6 



3) Answer ol 

Ml-tiae 1 

Ptoll/part-tiae 2| 

P«rt-ti«e 3 

8«Bdwich ^ 

t.W.I. 5 

Short coiti'ue 6 

Correspondence 7 1 

Self learning 8 

Other 91 



23 
k 

k 
22 
16 

0 

5 
1 



iii 
22 
k 
15 

21 

15 
0 

5 
1 



>0 



5 ^k 

2 5 

5 1*1 

[12 32 



17 



1 


7 


1 


6 


1 


0 


0 


3 


17 


0 


k 


29 


2 


11 


1 k 


0 


0 


2 


11 


0 


5 


36 1 


3 


17 


2 


3 


21 


3 


17 


3 


0 


0 


0 


0 


0 


0 


0 


1 


6 


3 


0 


0 


0 


0 


0 



63 



11 



«»5 



25 



k) Answer 

Degree level 
Sub " ** 



^} Answer 



0 




70 




78 


1 


20 


19 




11 


z 


12 


11 




11 


0 




11 




27 


1 


<> 


k 1 


1 


3 


2 


8 


8 


2 


5 


5 


29 


27 


11 


30 




53 


50 


13 


35 



5 13 3 11 

1 2 12 7 

7 18 I 5 18 

5 7 I 8 29 



k 10 



79 




67 




86 




0 


3 


17 


0 


0 


3 


21 


3 


17 


5 


^k 


5 


^k 




11 




63 




0 


0 


0 


0 


0 


1 


7 


0 


0 


0 


0 




29 


k 


22 


2 


6 


6 


50 


12 


67 


11 


31 


h5 



38 



80 I 82 
8 

12 I 5 18 



35 
2 
10 

15 I 3 11 



'»9 



13 
0 

17 
11 



91 
2 
8 



57 



11 



71 11 21 



o - 



106 



37 



1% 



18 



35 



28 



53 
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TABLE A. 6. 6. 



C OMM U N J CAT I OK M ATT^ U 
(frequcnc.^ fji't; t, percent a^e Sw'cona) 





QUALIFICATION CATEGORY 




1 


2 


3 


4 


5 


6 


7 


8 

* 


Question 


• 

m 


(5 

e 

0 

P. 

•rt 


+* 

1 c 

H U -r* 

Of a> 

0 > b 
Q 0 0> 
MOO 


1 

^ i 
it 0 u 

to 

Q 0 0 


\ «»> 

r-i "P 
CD CO 

^ ^ 

U 4i» -H 
9 Cm 
h 18 >4 
•P (4 ffi 
CO 0 U 


a> <p 

> 03 
3 -H 

10 (M 
•H 
• 43 

to u 
a 0) 


(0 
<D 
-P 
iS 

u 
h Ih 
JC -P 
0 0> 


1 

0 

■iH 
«H 

•rt Si 
H 0 

0 0 -P 


1 ) Answer 0 

1 
2 

3 

k 


9^ 
3 3 
9 9 
50 ^7 
55 33 


19% 

1 3 

2 5 
15 41 

12 32 


7% 
0 0 
2 14 

5 36 

6 43 


17?^ 

0 0 

1 6 

3 17 
11 61 


40?6 
0 0 
4 11 
7 20 
10 29 


25?^ 

2 5 

3 8 
17 43 

8 20 


7% 
0 0 

7 25 
12 43 
7 25 


47% 

0 0 
6 11 
11 21 
11 21 


2) Answer 0 

1 
2 

3 
k 


9 

68 6^ 
1? 16 
8 8 
k k 


19 

16 43 
12 32 
2 5 
0 0 


7 

7 50 
5 36 

1 7 
0 0 


17 
7 39 
6 33 
1 6 
1 6 


40 
7 20 

4 11 

5 14 
5 14 


23 

11 28 
7 18 

9 23 
4 10 


7 

4 14 
10 36 
4 14 
8 29 


38 

23 43 
8 15 
1 2 
1 2 


3) Answer 0 
Full-time 1 
Full/Part time2 
Part-time 3 
Sandwich 
T.W.I, 5 
Short course 6 
Correspondence? 
Self Learnitig 8 
Other 9 


15 
8 8 
2 2 

10 10 
k k 

28 26 

22 21 
1 1 

1^ 15 
1 1 


27 
0 0 
0 0 

k 11 

0 0 
12 52 

8 22 

0 0 
2 5 

1 3 


7 

0 0 
0 0 
5 21 
0 0 
7 50 
5 21 
0 0 
0 0 
0 0 


22 

0 0 

2 11 

1 6 

1 6 

3 17 

4 22 

0 0 

2 11 

1 6 


37 

1 3 
0 0 

3 9 
0 0 

6 17 
6 17 

2 6 

4 11 
0 0 


3i 

0 0 

1 3 
5 13 
1 3 

1? 35 
4 10 
0 0 
3 8 
0 0 


21 

1 4 
1 

3 11 

2 7 
5 18 
9 32 
1 4 
0 0 
0 0 


^3 

1 2 

2 4 

5 9 
0 0 
7 13 
9 17 
0 0 

6 11 
0 0 


Answer 0 
Degree level 1 
Sub " w 2 


71 

12 11 
19 18 


89 
0 0 

k 11 


79 
0 0 

5 21 


72 
1 6 
4 22 


86 
0 0 
5 14 


83 
2 5 
5 12 


75 
1 4 
6 21 


93 

0 0 
4 7 


3) Answer 0 
1 

2 

3 
4 


11 

5 5 
5 5 
28 26 
56 53 


22 
2 5 
2 5 
11 30 

m 58 


^k 
0 0 
0 0 

3 21 
9 64 


17 

0 0 

1 6 

3 17 
11 61 


37 

1 3 
4 11 
4 11 
13 37 


25 
1 2 
7 18 

10 25 

12 30 


14 
1 4 

1 3 
12 43 
10 36 


51 

4 8 
4 7 
6 11 
12 23 



106 37 14 18 35 ^0 28 55 



TABLE 



tUMAQCTSMT/PKBSOWIKL WAtTSRS 
(frequencj first, percent age seeond) 



) Anever 



,) An&eer 



0 
1 

2 
3 



0 
1 

2 
3 



-) An:»«er 0 
alX-tiae 1 

rUll/Part-ti«e2 
»rt-tiae 5 
•odeich 
.1-1. 5 
liort cauTfie 6 

Sorres pondeoc e? 

ftelf Learning 8 
ther 9 



.) A&£«er 0 
egree level 1 
ub - 2 



Q0ALIFICATI(li CATBOmtf 



M O 



13l4 
5 5 

36 3^* 
1*9 V6 



0 
1 

2 

3 
U 



13 
6^ 61 
13 1*» 
9 9 
3 3 



s 

o 

Ai 



IS « 

P • 4» 

O > >< 

•4 O • 



0 0 

2 5 

a 22 

18 f»9 



7% 



2 14 

16 72 



18 

13 12 



1 
10 
7 



1 
9 

7 



29 27 
20 19 



1 

5 
1 



1 
1 



7«» 

16 15 
12 11 



4 



16 



19 i8 
62 58 



2^* 

15 41 

8 22 

4 11 

1 3 



8 57 
3 22 
2 14 



>8 

• O >i 

ao o 



5 28 
10 56 



17 
9 50 
3 17 

1 6 

2 11 



8 



O «* -H 

«* f* • 

00 O O 



• 4* 



55 

O 



-H a 

r« O 

O 9 «» 

SB O* 



49% 



33*1 
1 2 
4 10 



141(| 
0 0 

2 7 



3 9 I 9 22 I 7 25 
12 34 |13 33 I 15 54 



O 
1 

7 
Il8 



49 



30 



14 



10 29 |l1 28 I 5 18 
6 15 I 2 7 



5 14 



8 20 



5 i8 
12 43 



118 
4 
1 
6 



3 
0 
4 
2 



52 
8 
0 

11 

5 



8 22 

7 19 

0 0 

1 3 
0 0 



8 58 
3 21 



87 

2 5 

3 8 



27 
2 5 
1 3 
6 16 
18 49 



86 



14 



2 14 
1 10 72 



28 

0 0 
2 11 
2 11 
2 11 

1 6 
4 22 



2 11 



78 
2 11 
2 11 



17 



2 11 
15 72 



46 



40 



32 
0 o 
0 0 
3 11 

5 14 |lO 25 I 4 1<i 



4 11 I 8 20 



5 14 



8 I 8 29 

0 O 

1 4 

o o 



83 



78 
8 



4 11 I 6 15 



46 



30 

2 

5 13 



82 
1 4 
4 14 



21 
O 0 
O O 



4 11 111 28 I 2 7 
14 40 111 27 1 20 72 



1 

2 
5 

o 

9 

9 
O 

O 
O 



1 

5 



4 

2 
2 
»7 



51* 
0 

2 

13 
34 



45 
34 
8 
2 
11 



51 
2 
4 

9 
0 

17 
17 
0 
O 
O 



89 
2 
9 



53 
8 

4 
4 

32 



106 



37 



14 



18 



35 



40 



28 



53 



Question eix^ ^lit^tiiij cm.^lv^i, u^i^a ^o.jwc.. i . : r.u!.uM'.»c; tne 
best »ay of acquiring the Knoiviv^^i^'o f c porT iMtwii^ce of t i ^ - 
sub-categorieB of task, vi-M teohuu-ali m^^vu '^'i^' ^ iwni i^ie 

three methods in carder of /riorit:/ . T-^ '^li-'-^.k U. i^a^ jvi^i v-.iM-f> i ... M t.u 
with the usual metliOd.^ oi 'u' .ulriug KUoArJf.orr \/ ^^"^ iivn i^c i 
to circle those nietho L v^j:.-^.! ' n. v i^-'* '^ • 'i'-'- ^ :-ou 

read as follcA^v: 

6) "The following: '.to m.v f ; . 



Indiv : J * 4] n -c^-- ■ t 
1«hich of the^e have yo: 



b) What is the best way of enquiring tho .lo^.l ^a^e fuj cnt 
performance of the„taak? Please ^tatc up to 5 ^i^^^cx:^ i-* 
order of priority. 

Tables to A. 8.15 pr^ser;t the data dealir*. iL .ps?r . j\ n 

six, table Ap6.i8. f^howiu^? respu»id.Mits* exj-^^fri^n.-e ot ^.^.v.*; 
acquiring knowledge, and tables A -8.?. - A.8,1f. with the uoihinaU^d 
ways of acquiring knowleage* 



TA3LP A>8.8> 



EXPaRIENCS OF WAYS Oir^ ACc^ulRXNO r^AO?^Lii:i)G£: 



Way of Acquiring 
Knowledge 



Live lecture 
Tutorial 

Audio--vi sual methodi:'^ 

Individual project 

Group projec t 

De03».»rir,trati^n 

Prac ' iJ-t ^/F^o . J v; >* u 

S i m u 1 a t i o n/g^A :i » t;. ^ 

On the job instruction 

Practical job experience 



i' 



? 



•tUALIFTCATTON CATKC>( U\ 



a> j* ^ n, r o ^ 
o* ? 0) .J s P ^- ! I • 



I 



f 



r 7 



.7 • ?.- 



1 • 






i 




1 , , 




^ ! I 


\L 


1 

i 




i '\ 

\ 


7 






t 








. .1.. , 


i 89 

t 


1 


7^ 






J. 


.1 







" 1 



(•1 

r. f 
U 'I 

? 
71 
9^ 



rr 



7. 
63 



TABLE 

lA'^S OF ACttUIHING i.NO«i£DG& FOB PSRFQaMANCE OF TASK 
(5 IN OBDKK OF FBIORITY) 

TECHNICAL MATTEB& 



■ m-j O i 

Acquirinc 


QUALIFICATION CATBGOHY 




1 


2 


3 


k 


5 


6 


y 


8 


Ko answer 


6.O-I3. 


2.5. 


0.0.0. 


2.2.3- 


5.5.9. 


5.6.7. 


2.2.5. 


6.7.12. 


Live lwctur*3 






10.2.1. 


lif.l.O. 


15.2-2. 


19.2.2. 


13.3.2. 


17.6.4. 






i».ii . 


2.3.1- . 


1.9.1. 


0.6.1- 


*f.5.l. 


3.4.1. 


4.8«2. 






0.0. 


0.1.0. 


0.0.0. 


0.2.0. 


0.5.1. 


2.0.1. 


2.3.O. 


sethods 


















I.id. project 




1.3. 


0.1.2. 


1.0.1. 


0.2.3- 


0.2.3. 


1.5.1. 


0.2.3. 






1 .2 . 


0.1 .0. 


0.2.1. 


1.1.0. 


0.1.1. 


0.0.0. 


2.1.0. 






0.5. 


0.3-2- 


0.2.3. 


0.0.1. 


3.U.1. 


0.2.2. 




Prac./iieid 


5.6. 11. 


1.1. 


1.?-?. 


0.0.2. 




5.6.4, 


1.3.4. 


2.10.7* 


work 


















SiKul ./gases 


0.0.0. 


0.1 . 


0.0.1. 


0.0.0. 


0.0.1. 


0.0.0. 


0.0.0. 


1.0.0. 


On job ificitruc 


. 1.8.5. 


2.3- 


0.1.2. 


0.1.2. 


3.8.^». 


1.7.6. 


1.7.6. 




Prac* job 


8.8.21. 


2.7. 


1.0.3. 


0.1.5- 


7-5.8- 


3.4.14. 


5.2.6. 


8.6.10. 


experience 


















n = 




;7 


1 14 


16 


35 


40 


28 


53 



TABLE A. 6. 1.10. 

lAYS OF ACODIHIliG KBOilBDQB FOB PKHFOMtARCg Of TASK 
(3 m OSDES OF PBIOBm) 
KAHOAL SKIILS 





QOALIf ICATICm CATEGOBT 






1 


2 


3 


4 


5 


6 


7 


8 


■ay ot 
Acqu^rin^ 
Sboh ledge 


* 

• 0 


m 

B 

0 

HI 

a 


e 

• 0 

m u ^ 
0 m 49 

0 > u 
^00 

0 0 


1 

^ S 
» e 

. 0 »« 

»* . 

to VkSi 
. -v^ 


1. 0 

3 -rl 
*» V» 
0 •*> -rl 
3 *f 
»* « »• 
*> »* . 
fO Q 0 


>» . 
. ♦» 
> « 


• 

•*> 
m 
0 

53 

0 

• 


• 

0 

•w* 

%« 

•w* a 

w% 0 


Ho Btk&mer 






2.3.3- 


3.3.3. 


9.12^14. 


16.17.19 


5.7.8. 


13.18.2%. 


Live lecture 




6.2. 


1,1.0. 


6.1.0. 


5.3.3. 


8.0.1. 


7.1.0. 


6.5.2. 


Tutorial 






o.c.o. 


1.2.1. 


1.1.1. 


1.2.0. 


3.2.1. 


4.2.0. 


Ao^/vicua! 




2.0. 


1.0.0. 


1.0.0. 


1.0.1, 


1.1.1. 


1.1 1. 


1.0.1. 


project 


J5.2.6- 


0.0. 


1.1.0. 


0.1.0. 


0,2.1. 


0.1.0. 


0.2.3. 


1.3.0. 


RJCiQup project 


0.2.9* 


0.0. 


1.1.1. 


0.0.1. 


0.1.0. 


0.1.0. 


0.0.2. 


1.0.1. 




•?ri tn ft 


\ 1 


^11 


1 ,«5 -» 


O.Ou?. 


2.1.2. 


1.1.1. 





- HkequiriBg: t 




• ■ 






ji M .. .1 , _h ; 7' 










1 


2 


3 




5 


6 


7 


a 




6.0. 13. 


2.3. 


0.0.0. 


2.2.3. 


5.5*9. 


5-6.7. 


2.2.5. 


6.7* 12. 


Live lecture 




2^.1. 


10.2.1. 


14.1,0. 


15.2.2. 


19.2.2. 


13.3.2. 


17.6.^. 






^.11. 


2.3.1- 


1.9.1. 


0.6.1. 


4.5.1. 


9 i. « 




Attdio/v i. jual 


» .3.6. 


0.0. 


0.1.0. 


i\ t\ 


i\ ^ f% 




2.0.1 • 






















Iiid. i^roject 




1.3. 


0.1.2. 


1.0.1 . 


0.2.3. 


0.2.3. 


1.5.1- 


0.2.5. 


Group jprcjecr. 


1.1?. 1$. 


1 .2. 


0.1.0. 


0.2.1. 


1.1.0. 


0.1.1. 


0.0.0. 


2.1»0» 




-> c >l 

^ « » W . 


0.5. 


0.3.2. 


0.2.3- 


0.0.1. 


3»4.1 . 


0.2.2. 


Ik A 


Prac n/iield 


5 « 11 # 


1.1. 






4 4 




1.3.4. 


2.10.7. 




















SiBui ./gaffes 


0.0.0. 


0.1. 


0.0. 1p 


0.0.0. 


0.0.1. 


0.0.0. 


0.0.0. 


1.0.0. 


On joi in^truv 


. 1.8.5. 


2.3. 


0.1.2. 


0.1.2. 


3.8.i>. 


1.7.6. 


1 .7.0. 




Prac. job 


ft a PI 




1.0.3. 


0.1.5. 




3.4.14. 


5.2.6. 


8.6.10. 




















u = 


\0t> 






18 




40 


28 

I. 


53 



TABLE A. 8. 1.10. 

WAYS OF ACQUIBIHG KWOT gnQR gfl» PKBy08MANCg OF TASK 
(3 III OBDSB OF PBIOiUTl) 
HAIiQAL SKILLS 





QDALIFICATI(»I CATBQOBY 








1 


2 


3 


4 


5 




7 


8 










c « 


• 


r-t ♦» 
« 


>> • 


• 

m 
•*> 


I 

0 


■ay of 


* 




« 

6 


• 0 


• 6 




I* 0 


« 

0 


■r» 

*« - 


Acquiring 


s: 


. 

u 






. 0 *« 

S« f-l • 


*» v» 

0 ■»» .H 


m M 


U •«« 
• «« 


-H CS 
•-1 0 


Xiiomledge 


« 


*> 


a 
0 


0 > % 


10 A« 
• -rt *» 
QO 0 


!»*♦-•» 
« »« 

^ u m 




St 


0 

SB ^« 












BO 0 0 


H 0 






Hp axuMier 


15. 


2!p.33. 


11.14. 


2.3.3. 


3.3-3. 


9.12*1'fr- 


16.17.19 


5-7.8. 


13.18.2%. 


Live lerture 


14. 


2.5. 


6,2. 


1.1.0. 


8.1.0. 


5.3-3. 


8.0.1. 


7.1.0. 


6.5.2. 


Tutorial 


8. 


6.2. 


3-1. 


o.c.o. 


1.2.1. 


1.1.1. 


1.2.0. 


3.2.1. 


4.2.0. 




^. 


5.0. 


2.0. 


1.0.0. 


1.0.0. 


1.0.1. 


1.1.1. 


1.1.1. 


1.0.1. 




3. 


2.6. 


0.0. 


1.1.0. 


0.1.0. 


0.2.1. 


0.1.0. 


0.2.3. 


1.3.0. 


Grou|» project 


0. 


2.9. 


0,0. 


1.1.1. 


0.0.1. 


0-1.0. 


0.1.0. 


0.0.2. 


1.0.1. 


pgmopg tration 


20. 


17.8. 


3.7. 


3.1.1- 


1c5.2. 


0.0.2. 


2.1.2. 


1.1.1. 


5.3.3. 


Pract/field 




17.12. 


5.4. 


4.2.1. 


1.0.6. 


2.4.5. 


4.9-3- 


4.5.1- 


5.5.6. 




0- 


0.0. 


0.0. 


0.0.0. 


O.C.O. 


0.0.0. 


0.0.0. 


0.0.0. 


0.0.0. 


On Job injstruc 


, 6. 


12.11. 


4.5. 


0.4.2. 


1.3.1. 


4.6.5- 


5.6.4. 


0.9.5. 


4.10.6. 


Pract. job ex. 


13. 


18.20. 


3.4. 


1.1.6. 


2.3-4. 


lj.6.3. 


3.2.10. 


7.0.6. 


13.7-10. 


n = 


106 


37 


14 


18 


35 


40 


28 


53 



lERlC 



A. 8. p. 10 



TABLE A. 8.1 .11. 



ECONOMIC/FINANCIAL MATTERS 
(3 CHOICES IN ORDER OF PRIORITY) 



Wa^- of 
' Knowledge 


QUALIFICATION CATEGORY 


1 






u 






f 


B 
0 


fin A r*. ttf o T* 


66.25.33. 


11.15. 


1.2.2. 


2.2.4. 


2*i.23.23. 


18.19.22 


7.10.11 


29.32.37 


juive xecuUFc 


^+1 .5.6. 


12.3. 


6.0.1. 


12.0.1. 


7.1.1. 


10.0.2. 


10.0.0. 


10.2-1. 


Til f nr» 4 o 1 


10.20.6. 




0.2.0, 


3.8.0. 


0.2.2. 


1.5.0. 


3.5.1. 


4.5.0. 




0.2.3. 


0.0. 


1 .0.0. 


0.1 .0. 


0.1.1. 


0.2.0. 


0.1.0. 


0.0.0. 


inu* ppojecL 




^ . ' . 


1 .2.0 


0.2.2. 


2.1 -0. 




1.2.2- 




Group project 


3.6.5. 


1.2. 


1 .1.0. 


0.0.1. 


1.1.1. 


1.0.2. 


0.1.1. 


0.2.0. 


Demonstration 


1 .0.2. 


0.2. 


0.0.0. 


0.0.0. 


0.1.0. 


0.1.0. 


0.1.0. 


0.1.0. 


Prac/rieia wK» 




0.2. 


0.1.3. 


0.0.0. 


0.3.2. 


3.2.1. 


1.1.3. 


1.0.3. 


Simula games 


2.5.5. 


1.1. 


1 .0.1. 


0.0.2. 


0.0.0. 


0.2.1. 


0.1.0. 


1.0.0. 


On job instruc 


,13.17.^. 


1.7. 


2.5.2. 


0.3.1. 


3.1.2. 


2.4.7. 


2.3.5. 


2.4.4. 


Pract. job. ex 


.15*T'+.26. 


4.1. 


1.1.5. 


1.2.7- 


0.1.3. 


4.2.2. 


4.3.5. 


4.4.8. 


n ^ 


106 


37 


14 


18 


35 


40 


28 


53 



TABLE A. 8. 1.12. 



COMMUNICATION MATTERS 
(5 CHOICES IN OSTER OF PRIORITY) 



QUALIFICATION CATEGORY 



8 



Way of 
Acquiring 
Knowledge 



t . 

• 0) 

cq 



B 
O 

H 



d of 

^ o 

1 Cm 

OS 0) <P 

U > ^ 

O O 0) 

h9 O O 



i 

a» s 

9 O 14 

H 0) 

Q o o 



o 



0 

-p ^ 

U "P ^ 

^ ^ p 

>4 « ^ 

^ u ^ 

CO O u 



a> -p 
> « 



u 

O 



<p 
o 



<P 

o 

-P 
0) 

O 



^ O 



No 'Jnswer 
Live lecture 
Tutorial 
Aud#/vi3ual 
Ind. project 
Group project 
Demonstration 
Pract/field wk 

erIc- ■ 



16.29.^8 
17.^.6. 
10.6.3. 
3.8.2. 

3.6.3. 
5.^.10. 

2.0.3. 
5.9.^. 
3.5.1. 
12.19.6. 



10.14 
12.1. 
5.2. 

3.1. 
0.2. 

3.1. 
0.2. 
0.1. 
1.1 . 
1.8. 



1.2.2. 
4.0.0. 
1 .1.0. 
0.1.1. 
0.1.1. 
1.2.1. 
0.0.1. 

1.2.3. 
1.0.1. 

3.2.1. 



3.3.6. 
8.1 .2. 
1.2.1. 
0.2.0. 
0.0.1. 
1.1.0. 
0.0.0. 
0.1 .0. 

0. 1 .1. 

1. ^.1. 



15.19.23. 
3.2,2. 
3.2.1. 

1.2.1. 
2.3.0. 
0.1.0. 
0.0.0. 
0.0.2. 
0.0.2. 
4.2.1. 



13.13.17 
14.0.1. 

2.3.0. 

1.2.0. 

0.1.3. 
2.2.0. 
0.2.0. 

2.7.1. 
0.2.2. 

3.3.5. 



5.7.11 
14.1.0. 

3.2.3. 
2.1.1. 

0.3.1. 
1.2.1. 
0.1.0. 
0.1.1 . 
0.0.0. 
0.^.1. 



2^.50.37 
6.1.2. 

6.0.0. 
1.2.0. 
0.2.0. 
1.1.0. 
0.2.1. 
2.1.2. 
O.O.O. 
3.7.^. 



















No answer 


66.25.35. 


11.1$. 


1.2.2. 


2.2.4. 


22.23.23. 


18.19.22 


7.10.11 


29.32.37 


Live lecture 


41.5.6. 


12.3. 


6.0.1. 


12.0.1. 


7.1.1. 


10.0.2. 


10.0.0. 


10.2.1. 


Tutorial 


10.20.6. 


4.3. 


0.2.0. 


3.8.0. 


0.2.2. 


1.5.0. 


3.5.1. 


4.3.0. 


Aud/visual 


0.2.5. 


0.0. 


1 .0.0. 


0.1.0. 


0.1.1. 


0.2.0. 


0.1.0. 


0.0.0. 


Ind. project 


if. 8. 9. 


3.1. 


1.2.0. 


0.2.2. 


2.1.0. 


1.3.3. 


1.2.2. 


2.3.0. 


Group project 


3.6.5. 


1.2. 


1.1.0. 


0.0.1. 


1.1.1. 


1.0.2. 


0.1.1. 


0.2.0. 


Demonstration 


1.0.2. 


0.2. 


0.0.0. 


0.0.0. 


0.1.0. 


0.1.0. 


0.1.0. 


0.1.0. 


Prae/field vk. 


0.k,7, 


0.2. 


0.1 .3. 


0.0.0. 


0.3.2. 


3.2.1. 


1.1.3. 


1.0.3- 


Sinul. games 


2.5.5. 


1.1 . 


1.0.1. 


0.0.2. 


0.0.0. 


0.2.1. 


0.1.0. 


1.0.0. 


On job instruc 




1.7. 


2.5.2. 


0.5.1 . 


3.1.2. 


2.4.7. 


2.3.5. 


2.4.4. 


c * civ V • • 






1.1.5. 


1 .2.7. 


0.1 


4.2.2. 




4.4.8. 


n = 


106 


37 


14 


18 


35 


40 


28 


53 



TABLE A. 6. 1.12. 

COMMUNICATION MATTERS 
(3 CHOICES IN ORDBS OF PRIORITY) • 





QUALIFICATION CATEGORY 


1 


2 


5 


4 


5 


6 


7 


8 












\ 0 




(0 




Wsiy of 






<♦* ♦* 

(0 


1 


H 4» 

« t6 


> « 






Acquiring 




« 


0) u 
§ <M 




u 0 

3 -rt 






V 


Knowledge 


H (J 


e 
0 




a> e 
9 0 u 


<P Cm 
0 +» -H 


•H 


f* 

U 


•H 




. a> 


o« 


(0 « -P 
0 > U 
0 0 9 


t4 ri 9> 

to o,A 


3 «M 

f4 1$ f4 


. ♦> 

to h 

« 


0 fi 
A ^ 


« 0 




CO 


Q 




Q Q 0 


CO Q 0 


H u 


0 « 


e 9M 


No ^ nswer 


16.29.48. 


10.14. 


1.2.2. 


3.3.6. 


15.19.23. 


13.15.17 


5.7.11 


24.30.37 


Lave lecture 


17.4.6. 


12.1. 


4.0.0. 


8.1.2. 


3.2.2. 


14.0.1. 


14.1.0. 


6.1.2. 


Tutorial 


10.6.3. 


3.2. 


1.1.0. 


1.2.1. 


3.2.1. 


2.3.0. 


3.2.3. 


6.0.0. 


Aud./visual 


3.8.2. 


3.1. 


0.1.1. 


0.2.0. 


1.2.1. 


1.2.0. 


2.1.1. 


1.2.0. 


Ind# project 


5.6.5. 


0.2. 


0.1 .1. 


0.0.1. 


2.3.0. 


0.1.3. 


0.3.1. 


0.2.0. 


Group project 


5.4.10. 


3.1. 


1.2.1. 


1.1.0. 


0.1.0. 


2.2.0. 


1.2.1. 


1.1.0. 


Demonstration 


2.0.3. 


0.2. 


0.0.1. 


0.0.0. 


O.O.O. 


0.2.0. 


0.1.0. 


0.2.1. 


Pract/f ield wki 


3.9.4. 


0.1. 


1.2.3. 


0.1.0. 


0.0.2. 


2.7.1. 


0.1.1. 


2.1.2. 


Simul. gamee 


5.5.1. 


1.1. 


1.0.1. 


0.1.1. 


0.0.2. 


0.2.2. 


0.0. 0* 


o.o.o. 


On job inatr* 


12.19.6. 


1.8. 


3.2.1. 


1.4.1. 


4.2.1. 


3.3.5. 


0.4.1 . 


3.7.^. 


Prac, job, ex. 


32.16.20. 


^ • ^ • 


2.3.3. 


4.3.6. 


7.*»*3. 


3.5.11. 


3.6.9. 


10.7.7. 


n s 


106 


37 


14 


18 


35 


40 


28 


53 



I ERIC 



TABU 

(5 CB0ICB5 n oasm op raiosm) 



Way of 
Acquiring 


QDALIFICATIQH CATHUST 


1 


2 


3 


4 


5 


6 


7 


8 


Ho ai;us«er 






1.2.2. 


m m 

3.3.4. 


17.19.22. 


15-I5.16, 


10.12.l4 


■mlT w« 

26.33.40 


Live lecture 




A A 




0 ^ 


7.1.1. 




11.0.0. 


10.3*1. 


Tutpz i»l 








(A a% 




3.4.0. 


2.3.3- 


ff* A A 

4.O.O. 




• 


A ^ 

0.2. 


0.0.0. 


0.1.0. 


0.3.1. 


0*1.0. 


0.1.1. 


0.2.0. 


Iiid* project 


O.6.3. 


2.1. 


0.2.0. 


0.0.0. 


2.0.0. 


0.1.4. 


0.2.1. 


1.1.0. 


Group project 


4.5.11. 


2.1. 


1.3.0. 


0.1.0. 


0.1.1. 


1.3.1. 


2.3.1. 


0.2.0. 


Deuonfi t ra t ion 


0.0.1. 


0.1. 


0.0.1 . 


0.0.0. 


0.0.0. 


0.1.0. 


0.1.0. 


0.1.0. 


Prac/field ek. 


4.6.7. 


2.1. 


0.1.5. 


1.2.0. 


2* 1 •2* 


3.4.1. 


0.1.1. 


0.2.2. 


Sijittl* ga«e9 


6.8.7. 


0.2. 


3-0.1. 


1.0.2. 


0.1.1. 


0.4.4. 


1.0.0. 


1.1.0. 


On Job Ifistr. 


9.19.6. 


2.6. 


2.4.1. 


1.3.1. 


1.3.3. 


1.5.4. 


0.2.1. 


2.2.4. 


Pract . JoL. ea 


.29. 20.18. 


3.6. 


2.2.4. 


3.4.7. 


5.3.3. 


3.2.9. 


2.3.9. 


9.6.6. 




106 


57 


1* 


18 


35 


40 


28 


53 



tti9 last question. Ho. 7 in this section att«ipted to denl vitli 
general! tj ▼eroua specificity in the tertiary trainins of respondents. 

It read: 



7) "Bow do you viev your poet-secondary/tertiary trainius? Please 
indicate by rinsins one of tke nabers on each of the follovii^ 
5-point scales. 



a) 



too fee general 
principles of cie.eng. 



2 



3 



ahont too May general 

riglit principles of civ. eng. 



b) 



1 ■ ■ 1 


1 


1 1 


too little detailed 


aboat 


too mch detailed 


factual aabject content 


right 


factual subject content 


re civ. ens. 




re civ .eng. 


c) 1 2 


3 


4 5 



too little ''general 
engineering education" 



about 
right 



too nnch "general 
engineering e^ieation" 



ERIC 



ThoM mnlta are in tUblJi A.8»1%. 

.f\.i i 



TABLE A. 8.1^. 





QUALIFICATION CATEQOBY 


1 


2 


3 


k 


5 


6 


7 


8 


Question 


• 


(S 

s 
0 

r-* 

■rt 

a 


a -p 

9) t6 

s u 

3 -H 

0 > 44 
0 0 (4 

U 


i 

« 0 (4 
to Aja 

0 -H 43 

a a 0 


H 

OS (0 

'P 4^ ^ 

^ k ^ 
CO V 


> a 

9 -H 
(0 ^ 
•H 
• 44 

s 0 
H u 


a 

V 
■H 

« 'H 

4.* U 
0 « 


1 

•H 

^ fl 
•H 0 
rH'H 
0 042 


7a) Answer 0 
1 
2 

3 

k 

3 


3«5 
8 8 
23 22 

e^f 60 

8 8 
0 0 


3% 
2 5 
7 19 
25 68 
2 5 
0 0 


0 0 

6 it3 

7 50 

1 7 
0 0 


69( 

1 6 

6 33 
8 4if 

2 11 
0 0 


9% 

6 17 
14 ifO 
8 23 
3 9 
1 3 


13S« 

6 15 
6 15 
18 45 
3 8 
2 5 


09$ 
7 25 
6 21 
12 43 

3 11 
0 0 


289^ 

11 21 
9 17 
11 21 

7 13 
0 0 


7b) Answer 0 

1 
2 

3 
k 

3 


k 

15 lif 
27 26 
38 36 
18 17 
if i* 


0 

5 lif 

6 16 
22 60 

3 8 
1 2 


0 

0 0 
9 6if 
3 21 
2 14 
0 0 


6 

2 6 
6 33 
5 28 
k 22 
0 0 


9 

8 23 
7 20 
16 46 

1 3 
0 0 


13 
7 18 
9 23 
15 38 

1 3 

2 5 


0 

6 25 
9 21 
9 43 
2 11 
1 0 


28 

11 21 

12 17 
11 21 

4 13 
0 0 


7c ) Answer 0 
1 

2 
3 

5 


6 

11 10 

38 

35 31 
1^+ 13 
21 2 


0 

9 2^* 
8 22 
16 h3 
2 5 
2 5 


0 

2 1i» 
8 57 
k 29 
0 0 
0 0 


6 

2 11 
k 22 
9 50 
1 6 
1 6 


6 

10 29 
10 29 
9 26 
3 9 
1 3 


10 
7 18 
12 30 
15 38 
1 3 
1 3 


4 

11 39 
9 32 
5 18 
2 7 
0 0 


28 

10 19 

12 23 
9 17 
4 8 
3 6 


n = 


106 


37 




18 


35 


40 


28 


53 



Page 11 of the questionnaire contained a number of open-ended 
questions mainly concerned with deficiencies in training. In th« next 
few pages of this appendix these questions are dealt with in turnt 
by first repeating the questions and then giving the data gathered from 

the replies. 

Questions 1 and 2 were related and were: 

1) "Did you enjoy your post-secondary/te: tiary education program 

overall? Yes or No. If not, why?" 

2) "What did you like most about your poet secondary/tertiary education 

program?" 

The data have been combined in table A.8.15* ^e reasons 
for "not liking", and the aspects of tertiary training •'most liked" 
were numerous, but they grouped together fairly readily into the types 
of answer shown in the table. Some of these couXd be further 
^ grouped together without difficulty but they have been left as they 
were originally in the editing of the reviles* 



Question 




..... ... ... 

e 

0 

iH 
Oi 
♦H 


S 4» 1 

H »« ^ 

C8 O *H 
« > 4* 
O O »4 


O S4 

^ H 9 
h9 Olid 

AAA 


^ 1 

4> 4> ^ 
P ^ 
CI Cd 43 

£4 ^ ^ 
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B Hi 


■ ■« 
0 
•ri 
U ^ 
• -rt 
43 

0 


u 

^ 0 

«H 0 

rH-H 
0 Cd<P 
SB B« 


7a) Answer 0 

1 

2 

3 
k 

5 


8 8 
23 22 
6^ 60 
8 8 
0 0 


2 5 
7 19 
25 68 
2 5 
0 0 


OSiS 

0 0 

6 k3 

7 50 

1 7 
0 0 


69$ 

1 6 
6 33 
8 44 

2 11 
0 0 


6 17 
14 40 
8 23 
3 9 
1 3 


1395 
6 15 
6 15 
18 45 
3 8 
2 5 


7 25 
6 21 
12 43 

3 11 
0 0 


28% 
11 21 

9 17 
11 21 

7 13 
0 0 


7b) Answer 0 
1 
2 

3 
k 

5 


k 

15 1** 
27 26 
38 36 
18 17 
4 if 


0 

5 H 

6 16 
22 60 

3 8 
1 2 


0 

0 0 
9 6'f 
3 21 
2 14 
0 0 


6 

2 6 
6 33 

5 28 
4 22 
0 0 


9 

8 23 
7 20 
16 46 

1 3 
0 0 


13 
7 18 
9 23 
15 38 

1 3 

2 5 


0 

6 25 
9 21 
9 

2 11 
1 0 


28 

11 21 

12 17 
11 21 

4 13 
0 0 


7c) Answer 0 
1 
2 

3 
if 

5 


6 

11 10 
ifO 38 

33 31 
^k 13 

21 2 


0 

9 24 
8 22 
16 if3 
2 5 
2 5 


0 

2 14 
8 57 
4 29 
0 0 
0 0 


6 

2 11 
4 22 
9 50 
1 6 
1 6 


6 

10 29 
10 29 

9 26 
3 9 
1 3 


10 

7 18 
12 30 
15 38 
1 3 
1 3 


4 

11 39 
9 32 
5 18 
2 7 
0 0 


28 

10 19 

12 23 

9 17 
k 8 

3 6 


n = 


106 


37 


14 


18 


35 


40 


28 


53 



Page 11 of the questionnaire contained a number of open-ended 
questions mainly concerned with deficiencies in training. In the next 
few pages of this appendix these questions are dealt with in turnt 
by first repeating the questions and then giving the data gathered from 

the replies. 

Questions 1 and 2 were related and wares 

1) "Did you enjoy your post-secondary/tertiary education progran 

overall? Yes or No. If not, why?" 

2) "What did you like most about your post secondary/tertiary eduoatioa 

program?" 

The data have been combined in table A. 8. 15* The reasons 
for "not liking", and the aspects of tertiary training "moat liked** 
were numerous, but they grouped together fairly readily into the types 
of answer shown in the table. Some of these could be fu.^ther 
grouped together without difficulty but they have been left aa thsy 
were originally in the editing of the replies* 
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TEHTIABy EDDCATION PROGRAM QVEBALL 





QOALIFICATIQR CATEGORY 


1 


2 


3 




5 


6 


7 


8 




• 

a 


1 
o 

r-t 
P< 

•H 
Q 


Local 

Government 
certificate 


• Oh 

So CMS 
« -H** 


« « 

•** Vi 
O +> 

urn u 

A> U 9 
coo O 


Eng. Burve^/ 
certificat« 


« 

o 

e 4* 
4J • 

O O 


1 

u 

f4 
V«t 

■HO 
i-M 

o% 

SO* 


Did you enjoy your] Yes 
tertieiry education ( Ye^i/No 
prograoe ^ No 
overall . j No Ansvar 


69% 

20 
7 


79% 
0 
16 

5 


72% 
0 
^k 
1^ 


61% 

0 
28 
11 


57% 
0 

29 
11 


7»S 
3 
13 
10 


64% 

0 
36 

0 


38% 

0 
26 
36 


BeasoDs for not 
liking 


uninter- "1 content 

esting ^ presentation 
personal conditions 
institution facilities 
pressure 

difficulties of course 
disjointed 9 no integration 
course structure 
inadequate teaching methods 


3% 
1ii 

23 

3 

9 

3 

9 
31 

6 


22% 
0 

33 

0 
22 
22 

0 

0 

0 


0 
100 
0 
0 
0 
0 
0 
0 


38% 

12 

12 

0 

0 
12 

0 
26 

0 


25% 
20 

25 
12 

0 
12 

0 

0 

6 


29% 

0 
1i» 

0 

0 

1^ 

0 

29 
Ik 


17% 

11 

38 

0 

0 

0 

11 

17 
6 


22% 

16 

16 

6 

0 

0 
12 
16 
12 


nudiber of subjects 
number of responses 


25 
35 


7 
9 


2 
1 


k 
8 


10 

16 


5 
7 


10 
18 


9 
18 


Most liked aspects 


theoretical content 
practical work ^ 
presentation 
coarse structure 
advance of knowledge 
sense of aebieveaent 
way of life 
freedom of thought 
application to Job 
nothing 


11% 
21 

2 
12 
16 

6 
11 

8 
10 

2 


15% 
31 

8 
10 
15 

3 

5 

0 ' 

13 
0 


22% 
22 

0 

0 
11 
11 
22 
11 

0 

0 


13% 
18 

6 
13 
13 

6 

0 

13 
18 

0 


25% 
38 
2 

7 
20 
0 
2 
0 
0 
6 


9% 

23 
9 
16 
16 

9 
0 
0 
9 
9 


6% 

9 
13 
22 
22 

9 
6 
0 

13 
0 


16% 

29 

1^ 
16 
10 

0 

k 

0 
16 

k 


number of subjects 
number of responses 


89 

105 


32 
39 


8 
9 


11 
16 


32 
38 


28 
32 


25 
31 


23 
31 



Questions 3, ^f, 5 and 6 were related and were: 

3) *niith relation to the probleve you aeet and the types of vork yon 
have to do today, have any aajor deficiencies in your poet- 
secondary/tertiary training becoae apparent? If so« what are they?** 

ERJC "that topics of value in carrying out your vork were oaitted froa 
' " your post'-secondary/tertiary training?** 





• 

• 

n 


i 

9k 
•H 


^11 1 


^^1 

S QO 


a\ ^ 

»•« N 
4» & O 

o 


M o 


«« 

• 4* 

ja u 
i» e 
O o 


11,1 

«. 

•HO 
f-M 


Did you ttiijoy your J Yes 
tertiary education ( Yes/No 
prograoe f No 
overall. ] No Answer 


20 
7 


79* 
0 
16 

5 


72* 
0 
14 
14 


61* 

0 
28 
11 


57* 
0 

29 
11 


75* 
3 

13 
10 


64* 

0 
36 
0 


3^ 

0 
26 
36 


Seasons for not 
liking 


uninter- J content 

esting J presentation 
personal couditions 
institution facilities 
pressure 

difficulties of course 
disjointed, no integration 
course structure 
inadequate teacking eethods 


lif 
25 
3 
9 
3 
9 
31 
6 


22* 

33 

0 
22 
22 

0 

0 

0 


0* 
0 
100 
0 
0 
0 
0 
0 
0 


38* 

12 

12 

0 

0 
12 

0 
26 

0 


25* 
20 
25 
12 

0 
12 

0 

0 

6 


29% 

0 
14 

0 

0 
14 

0 

29 
14 


17* 
11 

38 
0 
0 
0 

11 

17 
6 


22* 

16 

16 

6 

0 

0 
12 
16 
12 


nuaber of subjects 
number of responses 


25 
35 


7 
9 


2 
1 


4 
8 


10 
16 


5 
7 


10 
18 


9 
18 


Most liked aspects 


theoretical content 
practical work ** 
presentation 
course structure 
advance of knowledge 
sense of acbievenent 
way of life 
freedom of tbou^t 
application to job 
nothing 


11* 
21 

2 
12 
16 

6 
11 

8 
10 

2 


15* 
31 

8 
10 
15 

3 

5 

0 • 

13 
0 


22* 
22 

0 

0 
11 
11 
22 
11 

0 

0 


13* 
18 

6 
13 
13 

6 

0 

13 
18 
0 


25* 
38 

2 

7 
20 

0 

2 

0 

0 

6 


9* 

23 
9 
16 
16 

9 
0 

0 
9 
9 


6* 

9 
13 
22 
22 

9 
6 
0 

13 
0 


16* 

29 
4 

16 
10 

0 

4 

0 
16 

4 


niioibffr of subjects 
nuaber of responses 


89 

»05 


32 
39 


8 

9 


11 
16 


32 
38 


28 

32 


25 
31 


23 
31 



Questions 3, 4, 5 and 6 vere related and were: 

3) "With relation to the probleas yon weet and the types of work you 

have to do today, have any aajor deficienoies in yonr pest- 
secondary/tertiary training becowe apparent? If sOf what are tbey?** 

4) "Ibat topics of value in carrying out your work were ovitted froa 

your post-secondary/tertiary training?" 

5) '*«itb relation to your work as it affeets the ccnunity generally, 

what topics do yon think yon should have stnided, or ski lis you 
should have acquired?" 
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6) »»What topics or skills have you had to acquire without formal 

courses?" 



In view of the wide spread of answers to questions J, 5 
and 6, and in view of the similar nature of the four questions, they 
were all concerned with deficiencies in training, it was decided to 
examine the answers to the four questions together. Whilst this did 
not reduce the spread of answers it did facilitate the study of the 
data. Not unexpectedly, a small number of the answers occurred 
repeatedly. In some cases it was possible to group answers and so 
reduce the list to a few pre-dominant items. 

These pre-dooinant items are lifted in table A, 8. 16., 
approximately in rank order, for each of the qualification categories. 
It is surprising that Just slightly less than one thousand responses 
over these four questions reduced to seven pre-dominant items. 
The table contains thirteen items in order to show how the list 
tails off. 
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TABLE A.8.16, 

DKFICIBHCISS IN TBAHIimi 





(^UALIPICATKHI CATBQ<»T 


1 


2 


3 


4 


5 


6 


1 

7 


8 


9 . 

♦» 
• • 

n 


1 

H 
Ai 
•rl 


W 

e 0 

0 9 *» 

2> *• 
Oo « 

0 


90 u 

• ■rl 4» 
OQ 0 


^ s 

i 8 

0 4* %4 

a ^ -n 
«• 4* 
«> l« l« 

toa 0 
0 


II 

wi 


AM 

4* 

m 

0 

u 

e 4* 

0 0 


%9 
«H 
4* 
0 

.1 




106 


37 


14 


18 


35 


4o 


28 


53 


Total no. of respoi^e8 
fron no. of tiubjects 

* «70 j^'V • OU W-l If B 


5.9 


121 
35 
3.5 


57 
12 
4.8 


73 
12 
6.1 


66 

27 
2.4 


88 

25 
3.5 


97 
24 
4.0 


111 

41 

2.7 


Nanagenent/personnel 
No* of Itemte grouped 
All responses in group 


7 
78 
7.8 


3 
26 

7.4 


3 
11 

9.2 


1 

10 
8.3 


7 
12 
4.4 


3 
11 
5.5 


7 
20 

8.3 


4 

9 
2.2 


Sconoaic/ f inane ial 
1 No. of items grouped 
- All reti&ponses in group 

^ Da ^ *! ^ V* A C 9 dl%%4A^4c 

OcIvaQ X^9opQuoOo # bud jeO m 


6 
69 
6.9 


5 
19 
5.4 


3 
9 
7.5 


2 
9 
7.5 


- 


3 
11 

5.5 


2 
7 
3.1 


4 

5 
1.2 


1 Conaunication 

-No* of iteos grouped 

Ratio responses: subjects 


7 
4.6 


5 
8 

2.3 


3 
9 
7.5 


2 
4 

3.3 


- 


- 


5 
9 
3.8 


5 
6 

1.5 


Lack of practical eork 

All ^AAimnftOtt 

Responses s sub j acts 


23 
2.5 


8 
2.3 


mm 


6 
5.0 


3 
1.1 


5 
2.0 


- 


5 
1.2 


Public relations 

ai 1 V*A A *V#^ V%A Afl 

AJIJL FSSpOuDvS 

Responses : subjects 


18 
1.8 


11 
3.1 


4 

3.3 


- 


4 
1.5 


5 
2.0 


7 
3.1 


5 
1.2 


Computers 

it IX response^ 

Responses : sub jec ts 


13 
1.3 


6 
1.7 


- 


4 
3.3 


- 


5 
2.0 




- 


Environment ideas 
axx responses 
Responses: subjects 


13 
1.3 


- 


3 

2.5 


4 

3.3 


- 


- 


5 
2.1 




Design' ^ general 
All responses 
Responses : sub jec ts 








4 

3.3 


6 
2.2 


5 

2.0 


5 
2.1 


8 

2.0 


Construction - general 
All responses 
Responses : subjects 






5 
4.2 




3 
1.1 






5 
1.2 



TABLE A. 8. 16. (Cont.) 





QUALIFICATION CATEGORY 


1 


a 


3 




5 


6 


7 


8 


H o 


Diploma 


Local 

Government 
^certificate 


Degree/ 
Diploma - 
other 


Structural/ 
Draft 

certificate 


Eng. survey 
certificate 


Other 

certificates 


No 

qualific- 
ation 


n s 


106 


37 


l^f 


18 


35 


40 


28 




Lack of specialisation 
All responses 
Responses: subjects 






3 

2.5 






9 






Drawing and drafting 
All responses 
Responses {subjects 










7 

2.6 








Basic knowledge only 
All responses 
Responses : subjects 










3 

1.1 


6 

3-0 






Everything 
All responses 
Responses :subjects 
















9 

2.2 
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"inat are the criteria of eucceea iu your job 
as you see them?" 

lu ihc ti^rst place answers were examined according to qualification 
categories, and frequencies for the various types of answer are 
given below. 



TABLE A . 6. 17 CKITEHIA OF SUCCEjSS 

(Frequency of Answers) 





QUALIFICATION CATEGOHT 








1 


2 


3 




5 


6 


7 


8 




• 

to 

c • 

o 


Diploma 


Local 

Government 

certificate 


Degree/ 
Oiplon^Bi 
other 


structural/ 
Draft 

certificate 


Eng. survey 
certificate 


Other 

certificates 


Ho 

qualification 


Totals 


n = 


106 






1ft 

» o 




ifO 


28 


53 




No. ot r^siJOnStfS 






^o 




LO 




•♦7 




R1if 


Hones ty/integri ty 


1 


1 


2 


0 


1 


0 


2 


2 


9 


Initiative/drive 


7 


2 


0 


2 


0 


1 


3 


5 


20 


Peracnal reiat iontihipfl/ 




















diplomacy 


21 


2 


1 


0 


0 


0 




1 


30 


Reliability 


2 


V 


V 




w 


V 






o 


Commonsense 


5 


2 


1 


0 


2 


0 


3 


3 


16 


Opport uni t 1 


1 


0 


0 


0 


0 


0 


0 


0 


1 


Selling the client 


5 


1 


0 


1 


0 


0 


0 


0 


7 


Minimum complaints 


1 


1 


0 


1 


0 


1 


2 


0 


6 


Seniority 




0 


0 


0 


3 


5 


1 


3 


16 


Conformi ty/;>ubmiSfc>ion to 




















authority 


2 


2 


0 


1 


1 


0 


0 




7 


Public rtr] itions 




3 


if 


if 


2 


1 


2 


3 


22 


Flexibility 


1 


2 


1 


0 


0 


2 


0 


3 


9 


Reeponsibi 1 ity 


7 

r 


0 


0 


1 


0 


0 


0 


0 


8 


leadership 


1 


0 


0 


1 


0 


0 


0 


2 


if 






8 
















technical 




if 


5 


15 


7 


7 


15 


95 


Ef 1 iciency/competency - 
















8 


36 


Bpeed 


12 


2 


1 


0 


6 


3 


if 


Efficiency/competency - 


















26 


financial 


12 




1 


3 


0 


2 


2 


3 


Dedication/hcird work 


1 




2 


0 


2 


2 


2 


3 


16 


Experience 




2 


0 


1 


if 


3 


2 


3 


19 


Orip:inal thought/ 




















creat i vity 


6 


0 


0 


0 


1 


0 


0 


1 


8 


Good management 


14 


5 


if 


1 


1 


1 


0 


2 


28 


Know iedge/q ua li f 2 cations 


15 




3 


2 


7 


6 


5 


9 


3? 


Decision making 


7 


2 


0 


0 


1 


2 


5 


1 


18 


Communication 


6 


0 


2 


1 


2 


3 


0 


0 


1if 


C|::n|/--ation of work/ 




















uB^ta productivity 


22 


5 


0 


6 


1 


1 


2 


i» 


if1 



TABLE A>8.17 



CRITERIA OF SUCCESS 
(Frequency of Answers) 



QUALIFICATION CATEGORY 





1 


2 


3 


it 


5 


6 


7 


8 






• 

C • 

*3 O 

X) 0) 


Diploma 


Local 

Government 
certificate 


Degree/ 
Diploma - 
other 


Structural/ 
Draft 

certificate 


Eng. survey 
certificate 


Other 

certificates 


o 

•H 
4- 

cd 
o 

•H 

(M 

•H 
H 

o § 
z cr 


Totals 


11 ^ 




37 


lit 


18 


35 


w 


2o 


53 








52 


26 


30 


^9 


J. /N 


it9 


7i* 


C <1 Ji 


Honesty/integri ty 




i 


d 






i 


r\ 
U 


d 


2 




Init ia tive/dra ve 


7 


d 




d 




0 


-1 
1 




5 


dKJ 


Personal rela t i on ^ hips/ 






















diplomacy 






-1 


U 




U 


r\ 
\J 




1 




Reliabi li ty 


2 


0 


0 


U 




0 


r\ 
U 




2 


6 


Common&ense 




2 


1 


0 




2 


0 


3 


3 


lb 


Opport unit 16 6 


1 


0 


0 


0 




0 


0 


0 


0 




Selling the client 




-1 
I 


u 


1 




0 


V 


\ U 


0 


f 


Minimum complai nts 


1 


1 


0 


1 




0 


1 


2 


0 


6 


Seniority 


k 


0 


0 


0 




3 


5 


1 


3 


16 


Conform! ty /submission to 






















authority 


2 


2 


0 


1 




1 


0 


0 


1 


7 


Public rei.'^ticis 


5 


3 








d 


1 


2 


3 


22 


Flexibility 


1 


2 


1 


0 




0 


2 


0 


3 


9 


Responsit i li ty 


7 


0 


0 


1 




0 


0 


0 


0 


Q 

o 




1 


0 


0 


1 




0 


0 


0 


2 


it 


Kf f 1 c ipnc v/c atw oet encv — 






















technical 


3^ 


8 


it 


5 




15 


7 


7 


15 


95 


Ef i iciencv/cofTiDetenc V 


















8 


36 


spe ed 


12 


2 


1 


0 




6 


3 


it 


Ef'ficienc;/ / competency - 




















26 


f i natic ia 1 


12 


3 


1 


3 




0 


2 


2 


3 


Ded i ca 1 1 on/h'd rd work 


1 


it 


2 


0 




2 


2 


2 


3 


16 


Ex C/G ri ence 




2 


0 


1 




it 


3 


2 


3 


19 


Ori^.inal thought/ 




















8 


ci'eat i vii.y 


6 


0 


0 


0 




1 


J 


0 


1 


Good management 


14 


5 


it 


■ 1 




1 


1 


0 


2 


28 


Know ledge/quali fi cat ions 


15 


5 


3 


2 




7 


6 


5 


9 


52 


Decision making 


7 


2 


0 


0 




1 


2 


5 


1 


18 


Commun ica t ion 


6 


0 


2 


1 




2 


3 


0 


0 


lit 


Completion of work/ 






















j;i oduc t i vi ty 


22 


5 


0 


6 




1 


1 


2 


it 


iti 
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Answers wore next examined according to leyel of employnent and 
type of work. Frequencies for the vario\is types of answer follow: 



TABLE A. 8. 18> 



CRITERIA OF SUCCESS 
(Frequency of Answer) 



LEVEL OF EMPLOYHEHT & TYPE OF WORi: 



o 



I 



o 



CO 

0 4» 

*H (0 

0 o 



(0 »4 

k o 

0 ^ 

M O 



CD 
0 

•H 

a n 



I 

c 
to o 

•H O 
O 9 
•H U 

344 
8) 

t> d 
» o 



s 



O 



u 

•H 

o ja 
o 



n = 



60 



91 



^♦9 



98 



16 



15 



No* of responses 



110 



156 



68 



132 



18 



Honesty/integrity 
Initiative/drive 
Personal relationships/ 

diplomacy 
Reliability 
Comnonsense 
Opportunities 
Selling the client 
Minimum complaints 
Seniority 

Confurmity/subroission to 

authority 
Public relations 
Flexibility 
Responsibility 
Leadership 

Efficiency/competency - 
technical 

Efficiency/competency - 
speed 

Efficiency/competency - 

financial 
Dedication/hard work 
Experience 
Original thought/ 

creativity 
Good management 
Knowledge/qualifications 
Decision making 
Communication 
Completion of work/ 

productivity 



1 
2 

11 

2 
6 

1 

3 

1 

2 

0 

5 
1 
k 
0 

25 
1 

5 
1 

5 

5 
5 

15 
k 



3 

11 
2 

3 
0 

3 
2 
0 

3 
7 
2 

3 
0 

21 

13 

16 
8 
5 

1 
14 
10 
6 
1 

18 



0 

3 

5 
0 

0 
0 
2 
0 
0 

1 

3 
1 
1 
1 

16 



0 
2 
0 

2 
5 
7 

if 



3 
it 

1 

3 
2 
1 
0 
11 
2 

2 

3 
i* 
0 
1 

29 
16 

3 

6 
6 

2 
2 

17 
it 
i* 



0 
2 

0 
0 
1 
0 
0 
1 
1 

0 
0 
0 
0 

1 

2 

1 

1 
1 
2 

0 
0 
2 
1 
0 



22 



2 
2 

1 
1 
0 
0 
0 
1 
1 

0 
2 
1 
0 
1 



0 
1 
1 

0 
2 

3 
0 
1 



Anbwers to the question dealing with *^criteria of succcbb" were 
next examined according to level of employment and age of 
respondent* Frequencies for the various types of answer %re 
given in the following Table A»8»19* 



TABLE A.8> 19 . 



CRITEHIA OF SnCCESS 
(Frequency of Answer) 



II = 



No« of responses 



LEVEL OF EMPLOYHENT AND AOS 



U 

m « 

60 1 

o 



83 



137 



u 

(0 

u 

faO I 



61 



99 



to a 
o ti 

is 



57 



102 



o 

0 to 

o o 
So 

O l*> 

e I 



87 



115 



a 0 

0 h 

as 

o f 



34 



35 



a 

« to 



19 



22 



Honesty/integrity 
Initiative/drive 
Personal relationships/ 

diplomacy 
Reliability 
Commonsense 
Opportunities 
Selling the client 
MiniQum complaints 
Seniority 

Conformity/submission to 

atithority 
Public re lit ions 
Flexibility 
Responsibility 
Leadership 

Efficiency/competency - 
technical 

Efficiency/competency - 
speed 

Bff iciency/coopetency - 

financial 
Dedication/hard work 
Experience 
Original thought/ 

creativity 
Good management 
Knusvlodge/quallf ications 
Decision making 
Communication 
Completion of work/ 

productivity 



1 

5 

11 
2 
2 
0 

2 
2 

0 
6 
0 

5 
1 

26 



11 

2 
3 

10 
8 
8 

2 

13 



1 
3 

7 
0 

3 
1 

0 
0 

2 

5 
6 
2 
0 

17 

5 

1 
2 

1 
7 
9 
k 
2 

13 



2 
1 

9 
2 

5 
0 
1 
1 
1 

2 
^^ 
1 
1 

0 

18 



5 
5 
5 

0 

7 

13 
2 

5 



3 
3 

0 
2 
k 
0 
1 
2 
9 

2 
if 

3 
0 
2 

27 
13 
2 

7 

2 

3 
16 
2 
if 



0 
3 

1 
0 
0 
0 
0 

1 
1 

0 
2 
0 
0 
0 

5 
3 

2 
2 
1 

0 
0 

3 
3 
1 



0 
3 

1 
0 
2 
0 
0 
0 
2 

0 

1 

2 
0 
1 



0 
2 
1 

0 
1 

3 
0 
0 



FxnalJy, answers rel-iting to '^cri eria MiCCcsf?" v<*r 
examii.ftd according to leveX o** cmpL,?yment :\nd iho '.v^''^ 'ji 
employer. Frequencieis are given m rrib],n A^S.^'C, 



TABLE k.S.?0. 



(Frequency of Aucvi^er; 



LEViiL 0^' EMPLvlYMKMT AND P/PE 07 EflPLOyE.^ ? 
i 1 ; \ , — ^ 



U CO 
H H 



s 

>: 

o 
o 



73 



No* of responses 



120 



Honesty/integrity 
I ni t ia t i ve/dri ve 
Personal relationships/ 

diplomacy 
Reliability 
Commoneense 
Opportunities 
Selling the client 
Minimum complaints 
Seniority 

Conf ormity/sabiDission tc. 

authority 
Public relations 
Flexibi iity 
Responsibi lity 
Leadership 

Efficiency/competency 
technical 

Efficiency/competency 
speed 

Efficiency/competency 

financial 
Dedication/hard work 
Experience 
Original thought/ 

creativity 
Good management 
Knowledge/qualification^H 
Decision making 
Coffltnunication 
Completion of work/ 

productivity 12 



0 
2 

hi 

1 
1 
0 
0 

1 

1 

1 

0 

1 

|27 



2 
2 

3 
10 



la > 
^ o 
a> o 
o 

o H 
•H a 
to V 

O 



57 



96 



1 

2 

6 
1 

5 

0 

1 

? 

0 



7 
^+ 
2 
O 

14 



6 
2 

2 

9 
6 
t> 



C 



to if, 

U (ti 

0) -P 

«> H 

•H (0 

a o 



35 
62 



5 
0 

3 
1 

if 

0 
2 

0 

3 
0 
1 
0 

15 
k 

z 
1 

2 

0 
2 

7 
1 

1 



to 
u 
a> 

d 



'•0 
O 

u 

4J 



Ci O 



to ■»> I 

a5 +* Of 

•H 1/3 a>j 

•H ;£! «f 

^ H O 

u Bs >| 

O O 



32 



53 



k 

5 

2 
1 

0 
2 
0 
0 

1 
1 
0 

1 

0 

5 
1 

5 
3 
1 



3 
5 
2 
1 



58 



71 



0 
5 

2 
0 
3 



11 



3 



0 
2 

11 

2 

1 
2 
3 

1 
2 
8 
1 



35 



'5? 



17 
12 



327 



J 1 nr. 



9/f 
35 

18 I 



■;9 



Question 8 read as follovs: 

"For what aad at what level do you think your post-secondary/ 
tertiary training most fitted you?** 

Three sorts of answers were received, one dealing with type 
of employer, the second with type of work and the third with 
level in an organisation. The range within each type was 
limited, and the frequencies for all answers are given in the 
following Table A. 8. 21, 



TABLE A. 8. 21 



WHAT RESPONDENTS' TRAINING FITTED THEM FOR 
(IN THEIR OPINION) 



TYPE OF EMPLOYER 
Government Department 
Local Government 
Industry (general) 
Private practice 
Academic 
All 
None 



TYPE OF WORK 

Design 

Structure 

Research/Teaching 

Sales 

Specialised - other 

Drafting 

Surveying 

Oeneral bt^ckground engineering 
Inspector 



QUALIFICATION CATEGORY 



• 

CQ 



3 

2 
0 

3 
1 
1 
5 



25 
8 

5 
1 

5 
0 
0 
20 
0 



LEVEL 

Profes&iionai asnistant management 3 



Professional junior management 

Senior technician 

Assistant technician 

Junior technician 

Supervii'Ory Jevel 

Profetf. J oil « i .' "nior management 



ERIC 



22 
1 
0 

1 
2 

10 



O 



SI o 
i 'H 

O > U 
O O 0) 

»4 o o 



2 
2 
0 
1 
0 
1 
1 



9 
2 
0 
0 
2 
0 
1 

9 
0 



1 

3 
2 
1 
0 

0 

9 



0 
6 
0 
1 
0 
0 
0 



2 
1 
1 



2 



« O f« 

M 
a> -H-P 
O O O 



1 
1 
0 
0 
0 
0 
0 



6 

1 



2 
5 



■p 

■p «^ 

O +» -H 
P h » 



2 
0 
0 
0 
0 
0 
0 



3 
3 



1l» 

1 

2 



2 
If 



o -p 



» 



•p 
« 



1 
2 
0 
0 
0 

1 

0 



0 
0 
0 
0 

1 

7 
5 
3 
0 



3 
1 

1 
1 

1 
0 



Q 

4* 

d 

V 

O P 

xt u 

-P o 
O O 



1 

5 
0 
0 
0 
0 
2 



3 
2 
0 
0 
2 
1 
2 

7 
1 



1 
0 
7 
3 
2 

2 



8 



•H 0 

oS::^ 



1 

1 
0 
0 
0 
0 

1 



2 
12 
2 
1 



2 
1 
4 
1 
1 
2 



>2. 



Question 9 wast 

t 

' "Did your post-secondary/tertiary training develop skills in 

t^hnical decision making, or value judgements? If so, which 
parts of your training were most effective?** 

^ and the data are given in the following table: 



TECHNICAL DECISION MAKING 
(frequencies) 









lALIFICATION CATEGORY 


1 


2 


3 




5 


6 


7 


8 


B. Eng. 
etc. 


Diploma 


Local 
Government 
certificate 


Degree/ 

Diploma - 
otfier 


structural/ 

Draft 
certificate 


Eng. survey 
certificate 


Other 
certificates 


No 

qualific- 
ation 


^ No 

Did education help 1 Ans. 
develop technical V Yes 
decision making skill) No 


17 
51 
38 


7 
17 
13 


2 
6 
6 


6 

5 
7 


7 

14 
^k 


17 
14 

9 


11 
5 
12 


32 
1 

3 


If yes - what? 


















Design of structures 


^k 


7 


0 


2 


7 


2 


5 


7 


Lab/practical work 


6 


2 


0 


0 


1 


5 


1 


3 


Group projects 


5 


0 


0 


0 


0 


1 


0 


0 


Maths 


k 


1 


1 


0 


0 


0 


0 


0 


Tutorials 


3 


1 


0 


0 


0 


1 


1 


0 


Safety factors and codes of 


















practice 


2 


0 


0 


0 


0 


0 


0 


0 


Geology 


0 


0 


0 


0 


1 


0 


0 


0 



; TABLE A. 8. .22 

i 
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Questions 9 and 10 were concerned with creativity in a broad 
sense and sought to differentiate between the use of traditional methods 
and encouragement to develop and use a students own ideas. They were: 

9) **Did your post-secondary/tertiary training encourage and assist 
you to - 

a) develop your own ideas and use your own ideas i or 

b) encourage you to use traditional methods to solve your 
problems? " 

10) "If you find greater use for your own ideas please give examples**' 
The data are given in Table A.8.23* which follows. 



TABLE A. 8. 25. 



ENCOUSAGEMfiNT TO DEVELOP OWN IDEAS 



QUALIFICATION CATS00S7 



o 

H 
Pi 

a 



4* 



OO 
h«9 



CO 
o 

0 

O 



I 

« B 
9 O U 

OP o 



•3 5 

g s 

O 



P% 0 
0 4» 

II 

Q ^ 

•H 

^ 9 



O 
O 
•P 
« 
U 
•i-t 

o » 

o 



8 



I 

o 

H O 
O 9 4J 



106 



37 



18 



35 



ko 



28 



53 



a s develop own ideas 
b = use trad, methods 
a>b 
a<b 

a - b 

neither a nor b 



17 

5 
10 

2 



1 

21 
2 
1 

8 

0 



1 
6 
0 

1 

2 
1 



5 
9 
0 

1 

0 
0 



6 
20 
0 
2 
2 
1 



if 

17 
0 
2 
8 
0 



2 

13 
1 

2 

6 
0 



5 
22 
1 

3 
2 
0 



IfV - what? 



1 • Computer programme 
2. New theories 
3« Management techniq. 
k. New methods 

5. Practical projects 

6. Feasibility studies 
?• None 



3 
1 
k 
14 
2 
3 
5 



0 
1 
0 

2 
0 
1 



0 
0 
2 
1 
0 
0 
0 



0 
0 

1 

2 
0 
0 

1 



0 
0 
0 

5 
1 
1 

0 



1 

0 

1 

2 
0 
0 
0 



0 

1 
o 

3 
1 

0 

2 



0 
2 
2 
1 
2 
0 
2 
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Question 11, the final question, was based on the idea 
that people engaged in civil engineering would probably have 
views on the trend of development in the industry. If there 
were a concensus of opinion this could be of value to those 
concerned with designing curricula for the future. 

The question read: 

"Looking ahead to I98O what do you think will 
be the major differences in civil engineering, 
and what new approaches or subjects should 
civil engineers of all grades be taught today 
to better fit them for work in 198OT" 

In the first instance answers were examined according to the 
qualification categories used hitherto. Frequencies are given 
in Table A.8.2'f. 

TABLE A. 8. Zk. THE FUTURE 









QUALIFICATION CATEGORY 






1 


2 


3 




5 


6 


7 


8 






• 

to 

a • 

H P 

m 0 


1 
0 

iH 
f>* 
•rl 
Q 


Local 

Government 

certificate 


0 0 Ih 

to Si*ja 
Q a 0 


Structural/ 

Drafting 

certificate 


Engineering 

Surveying 

Certificate 


o 

■f» 

■H 

A u 


Tl 

0 

•rl 
Kh 
•H 
f-H 

o3 


(0 

Oi 
♦» 
0 


n = 


106 


37 


14 


18 


35 


ko 


28 


53 


331 


No. of responses 


149 


hZ 


13 


27 


30 


28 


39 


41 


369 


Improved and/or more 

systems 
New materials 
New equipment 
More attention to 

economics 
Greater social concern 
More specialisation 
No idea 

More general education 
Refresher courses 
More practical 
No differences 


60 
15 
3 

17 
25 
18 
2 

3 
1 

2 

3 


19 
2 
1 

3 
6 
8 
0 
2 
1 
0 
0 


7 
1 

1 
0 

1 

0 

1 

0 
0 
0 
2 


8 

3 
1 

2 
5 
5 
0 
0 
1 
2 
0 


13 
8 
1 

0 
3 
3 
1 

0 
0 
0 

1 


14 
2 

3 

0 

2 

3 
1 

0 
1 
1 
1 


15 
5 
3 

2 
7 
3 
0 
0 
0 
2 
2 


12 

7 
8 

0 
1 

3 
2 
0 

3 
5 
0 


148 

43 
21 

24 
50 
43 
7 
5 
7 
12 

9 



In the second instance answers were examined according to 
level of employment and type of work* 



TABLE A.8> 25 . 



THS FUTDBE 



LEm OF EKPLOYNENT AND TZFE OF WORK 



e 
a 
to O 



U ID 
O O 



I 



o 



m 

u o 

O U 

f4 GO 

d o 

H O 



m 



a 
o 



It; 

« o 



to h 

»4 O 

a u 

d 4* 

H o 



a 



13 >4 
&i O 



n » 



60 



98 



91 



16 



^9 



15 



329 



No. of responses 



83 



120 



11 



58 



15 



371 



Ireproved and/or sore 
I systems 
> New materials 

New equipment 
. More attention to 
economics 

Greater social concern 

More sttecialization 

No idea 

More general education 
. Refresher courses 

More practical 
I No differences 



36 
6 
2 

6 
15 
13 



35 
15 
8 

0 
6 
7 
3 
0 

k 
k 
2 



H 
12 
8 

13 
1^ 
1 

1 
3 



3 
1 
0 

0 

1 
1 
1 

0 
0 

3 
1 



23 
6 
0 

5 

7 
1 

0 

1 
1 
0 



7 
3 
3 

0 
2 
0 
0 
0 
0 
0 
0 



1^ 

^3 
21 

25 
51 
kk 

7 
5 
7 
12 
8 
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In the third instance an&wers were examined according to 
level of employment and age of respondent. Frequencies 
are given in Table A,8» 26# 



TABLE A>8« 26. 



THE FUTURE 



LEVEL OF EMPLOYMENT AND AGE 



n = 



0) 
u 

d o 
s 

Q O 



(0 

to ^ 



83 



4} 



a> 



61 



CO 

HA 



57 



03 

•H 
O 



(0 

>> 
o 
I 

o 



87 



•H <» 
•H 

e o 

O I 



24 



c 

« 

U 
•H 

s 
ja o 
v.* 

IH A 



OS 

o 



19 



H 

(0 

O 



331 



No. of responses 



109 



77 



75 



72 



21 



17 



371 



Improved and/or more 

systens 
New materials 
New equipment 
More atte-ntion to economics 
Greater social concern 
More speciali^tion 
No idea 

More general education 
Refresher courses 
More practical 
No differences 



kk 
11 

2 

15 
16 

13 
2 
2 
0 

2 
2 



1 



29 
6 

3 
3 
17 

12 
1 
1 
2 
1 
2 



30 
8 

5 
7 
9 
11 
0 
2 
0 
2 
2 



31 

9 

5 
0 

5 
5 

0 
5 
5 
2 



8 

6 

3 
0 
2 
1 
0 
0 
0 

1 

0 



6 
3 
3 
0 
2 
2 
0 
0 
0 

1 

0 



H8 

43 
21 

25 
51 
44 

7 
5 
7 
12 
8 



Finally, answers *'elatxng to the "future" were examined according 
to level of employment and the type of employer. Frequencies for 
the various types of answer are given in Table A,8»27. 



TABLE A. 8. 27 . THE FUTURE 





LEVEL OF EMPLOYMENT AND 1 


•yPE OF EMPLOYER 


Engineers 
C» with/State 
Governiaent 


Engineers 
Local Govt. 


Engineers 
Consultants 


Engineers 
Contractors 


Technicians 
C» with/State 
Government 


Technicians 
Local Govt. 


Technicians 
Consultants 


Technicians 
Contractors 


Totals 


n = 


73 


57 


35 


32 


58 


28 


38 


6 


327 


No. of responses 


9^ 


' 70 


48 


43 


52 


27 


26 


5 


365 


Improved and/or more 
systems 

New materials 

New equipment 

Hore attention to 
economics 


37 
8 
2 

11 


27 
4 
2 

7 


23 
5 
1 

1 


15 
7 
5 

5 


21 

9 

6 

0 


10 

5 
3 

0 


11 

7 
1 

0 


3 
0 
1 

0 


147 

^3 
21 

24 





to 
u 

to ctt 

o 

O 

bO ) 

c: o 
rvj 


CO 

u 

to ct) 
U 0) 

ft) >» 
<b 

« C 

•H ^ 
.^0 \ 

« ^- 


Engineers 
> 40 years 


Technicians 
20-30 years 


Technicians 
31-40 years 


Technicians 
> 40 years 


Totals 


n = 


83 


61 


57 


87 


24 


19 


331 


No# of responses 


109 


77 


75 


72 


21 


17 


371 


Improved and/or more 

systems 
New materials 
New equipment 

More attention to economics 
Greater social concern 
More specialization 
No idea 

More general education 
Refresher courses 
More practical 
No differences 


kk 
11 
2 

15 
16 

13 
2 
2 

0 
2 
2 

t 


29 
6 

3 

17 

12 
/I 

1 
2 
1 
2 


30 
8 

7 
9 
11 

0 

2 

1 0 
2 


31 

9 

5 
0 

5 
5 
4 

1 0 


8 

e 

3 
0 
2 
1 
0 

i 0 
1 c 
1 

0 


6 

3 
0 
2 
2 
0 
0 
0 
1 
0 


148 

21 
25 
51 
44 

7 
5 
7 

12 
8 



Finally, answers relating to the "future" wero examined according 
to level of employment and the type of employer* Frequeacies for 
the various types of answer are given in Table Ao8»27. 

TABLE k.Pj. 27 . THE FUTURE 





LEVEL OF EMPLOYMENT AND 'I 


^YPE OF EMPLOYER 


Engineers 
C with/State 
Government 


Engineers 
Local Govt. 


Engineers 
Consultants 


Engineers 
Contractors 


Technicians 
C with/State 
Government 


Technicians 
Local Govt. 


Technicians 
Consultants 


Technicians 
Contractors 


(0 
H 
flS 

o 


n = 


73 


57 


35 


32 


58 


28 


38 


6 


327 


No, of reeponsee 


94 


70 


48 


43 


52 


27 


26 


5 


365 


Improved and/or more 

systems 
New materials 
New equipment 
More attention to 

economics 
Greater sociail. concern 
More specialization 
No idea 

More gener'-xl education 
Refresher courses 
More practical 
No differences 


37 
8 
2 

11 

17 
10 
0 
4 
2 
1 
2 


27 
4 
2 

7 

10 

13 
1 

0 

0 

3 
3 


23 

5 

1 

1 

10 
1 

1 

1 
0 

0 


15 
7 
5 

5 
4 

6 
0 
0 
1 
0 
0 


21 
9 

0 
c; 

3 
1 

0 

1 
3 
3 


10 
3 

3 

0 
2 
4 
1 
0 
1 

3 
0 


11 

7 
1 

0 
1 
1 
2 
0 
2 
1 
0 


3 
0 

1 

0 

1 

0 
0 

0 
0 
0 
0 


1+7 
^3 
21 

24 
50 
42 

6 

5 
8 
11 
8 
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APPENDIX Q 



TASK ANALYSIS 9 , U£STI0NNAIRE - REaPONSIBILlTY fiATINQ 

Page 12 of the Tatsk Analysis questionnaire sought 
inforniation from subjects about the responsibility associated 
with their Job, on the basis of a scheme devised for this study. 
The scheme divided responsibility into three, responsibility for 
nen, responsibility for money, and responsibility for policy. 
Each type of responsibility was further sub-divided, each 
sub-division having its own scale, and each point on the scale 
given a score. Individual scores from each scale were summed, 
thus providinf a summed score for each of the separate types of 
responsibility. The system and its defects have been discussed 
iB Chapter 8.1.6, 

The data tliat follow are presented in a number of ways. 
Table A.9.I shows the mean scores for men responsibility, money 
responsibility and policy responsibility. Also given are mean 
salaries for the various qualification categories. These latter 
have been difficult to determine because the salary ranges chosen 
were wide (intervals of S1000) intentionally so, and the scale 
terminated at a maximum ($10,000 p. a.) which was exceeded by many 
respondents (24 per cent of the response to this question). 

To calculate a mean sala:/ therefore, for a category is 
possible in some cases, but in others virtual guesses have had to 
be made based on a knowledge of the civil engineering industry. 



TABLE A. 9.1 . 



MEAN RESPONSIBILITY SCORES AND SALARlrlS 
FOR VARIOUS CATEGORIES OF 9UALIFICATION 





QUALIFICATION CATEGORY 


1 


2 


3 


4 


5 




7 




1 
• 

60 

K • 

0 
• *i 

CO 0 


§ 
0 

H 
P« 
f4 


1 

Local Govt, 
certificate 


Degree/ 
Diploma - 
other 


Structural/ 
Draft 

certificate 


Eng. Survey 
certificate 


other 

certificates 


No 

qualifioatio 


n = 


103 


36 


14 


15 


32 


26 


39 


53 


(mean score) 

Man responsibility 
Money responsibility 
Policy responsibility 
Salary (rounded mean) 8 


28 
47 
61 
9,500 


41 
54 
66 
9700 


47 

67 
83 

11,000 


42 
40 
68 

10,700 


6 
22 

33 
6,700 


14 

29 
38 
6,700 


14 
37 
51 
7,800 


2c 

31 
41 
6,20c 
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The next table shows mean scores, as above, but according 
to level of employment and type of work. 



The information relating to the salaries earned by 
respondents within qualification categories are given in 
Table A. 9. 2. 



TABLE A. 9. 2 . SALARY DISTRIBUTION ilTHIW VARIOOS 

CATEQORIES OF OOALIFICATIOK 
(frequencies) 



Annual Salary 

1 


QQALIFICATION CATEQORT 


1 


2 


3 




5 


6 


7 


8 


• 

te 

a • 

u 0 

(Q e 


g 

H 

S 


Local Govt* 
certificate 


Degree/ 
Diplova - 
other 


Structural/ 
Draft 

certificate 


Sng« Survey 
certificate 


n 
0 

• *> 

A M 
4> » 
0 0 


No 

qualificat- 
ion 


n « 


103 


36 




15 


32 


26 


39 


3^ 




0 


0 


0 


1 


3 


2 


1 


11 


hoo^ - ^000 


0 


0 


0 


0 


5 


3 


3 


8 


5001 - 6000 


10 


0 




0 


B 


13 


9 


6 


6001 - 7000 


9 


5 


1 


0 


9 


6 


5 


10 


7001 - 8000 


9 


5 


1 


0 


6 


1 


7 


7 


8001 . 9000 


22 


8 


1 


k 


1 


1 




7 


9001 -10,000 


17 


5 


2 


1 


0 


0 


2 


k 


> 10,000 


36 


13 


9 


9 


0 


2 


8 


0 



The next table shoes nean scores for the three responsibilities 
according to level of enploysent and type of work* 



TABLE A. 9.3 . MEAN RESPONSIBILITY SCORES FOR BNQINEERS AND 
TECHNICIANS IN VARIOPS TYPES OF WORK 



ERIC 





Lsm OF mBJjomsHT and type of wohk I 










• 


' e 


1 




1 


0 
1 0 


* X 


8 


« 4» 
•H 0 


(0 u 

^ 0 






10 4* 


9 U 






u 


• ? 

e (« 
• 

St 


u 0 


a 




0 in 




m TV 






|| 

0 0 

e 0 


Teehi 




a 0 

H 0 


B 4* 
M 0 






n 8 


60 


91 


50 


98 


17 


15 


i (mean score) 















Annual Salary 
S 


QUALIFICATION CATEGORY 


1 


2 


3 






6 


7 


8 


B.Eng. 
etc . 


Diploma 


Local Govt, 
certificate 


Degree/ 
Diplotaa - 
other 


Structural/ 
Draft 

certificate 


Eng. Survey 
certificate 


Other 

certificates 


No 

qualificat- 
ion 


n 


103 


36 


1if 


15 


32 


26 


39 


53 


^ kooo 


0 


0 


0 


1 


3 


2 


1 


11 


4001 - 5000 


0 


0 


0 


0 


5 


3 


3 


8 


5001 - 6000 


10 


0 


'0 


0 


8 


13 


9 


6 


6001 - 7000 


9 


5 


1 


0 


9 


6 


5 


10 


7001 - 8000 


9 


3 


1 


0 


6 


1 


7 


7 


8001 - 9000 


22 


8 


1 


k 


1 


1 


i» 


7 


9001 -10,000 


17 


5 


2 


1 


0 


0 


2 




> 10,000 


36 


13 


9 


9 


0 


2 


8 


0 



The next table shows mean scores for the three responsibilities 
according to level of employment and type of work. 



TABLE A. 9. 3 . 



MEAN RESPONSIBILITY SCORES FOR ENGINEERS AND 
TECHNICIANS IN VARIOUS TYPES OF WORK 



n = 



(mean score) 

Man responsibility 
Money " 
Policy " 



LEVEL OF EMPLOYMENT AND TYPE OF WORK 



to 
a 

c: to 



60 



15 
36 
58 



t 



d 
o 

to 4-> 

U O 

0) u 
d *p 

.H (0 

to d 
d o 

pa o 



91 



31 
56 
62 



i 

M 

(0 ^ 

l4 o 

o » 
o 

(. u 

d <P 

M o 



50 



29 
^♦6 
58 



CO 

d 

•H 
O 

d 

o 



d 
to 

(0 



0) O 



98 



3 
22 
32 



CO o 

d -H 



O 



3 
(4 



d -p 



o 

0) 



CO 

d 
o 



17 



6 

k3 



I 

CO 

d ^ 

€0 U 

-H O 

O !l 

d ^ 

^ o 

H O 



15 



2 
2if 
kO 



T 
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A. 9. p. 2. 



No fignras for avera^ salariss atb givoa above but the 
frequencies for each of the salary brackets are given below for 
engineers and technicians in various types of work* 



TABLE A. 9.^ . SAURY DISTRIBUTION FOH ENGINEERS AND 

^—"—^ TECHNICIANS IN VARIOUS TYPES OF WORK 

(frequencies) 





LEVEL OF EMPLOYMENT 


AND TYPE OF WORK 


SALARY GRADE 


Engineers - 
Design 


Engineers - 
Construction 


Engineers - 
other work 


Technicians - 
Design 


Technicians - 
Construction 


Technicians - 
other work 


a « 


56 


88 


k7 


9^ 


15 


15 


$ifOOO 


0 


0 


0 


15 


1 


2 


if001 - 5000 


0 


0 


0 


lif 


i 


1 


5001 - 6000 


k 


6 


1 


25 


3 




6001 - 7000 


k 


8 


6 


20 


1 




7001 - 8000 


5 


9 


7 


11 


0 


3 


8001 - 9000 


12 


22 


5 


6 


3 


0 


9001 -10,000 


11 


11 


7 


1 


1 


0 i 


> 10,000 


20 


32 


21 


1 2 


2 


' 1 



The following table gives mean reeponsibility scorss for 
engineers and technicians of various ages. 

TABLE A. 9. 5 * MEAN RESPONSIBILITY SCORES FOR ENGINEERS 

AND TECHNICIANS IN VARIOUS AGE GROUPS 





LEVEL OF EMPLOYMENT 


AND AGE 






CO 

u 

U 0) 

•H ^ 
bO 1 
C O 

W fV 


(0 

m ts 
« >» 
c o 
to 1 


Engineers 
> JfO years 


Technicians 
20-30 years 


CO £0 
(0 05 

o 

q o 
ia ^ 

O i 
0) ^ 


Technicians 
40 years 


n - 


83 


61 


57 


87 




19 


(mean score) 














Man responsibility 


12 


20 


56 


1 


it 


11 


Money *^ 




^9 


52 


24 


24 


30 


Policy " 


56 


63 


70 


30 


43 


45 



Table A. 9,6 which follows, gives the frequencies for each 
of the salary brackets for engineers and technicians of various ages. 

TABLE A. 9.6. SAURY DISTRIBUTION FO R ENGINEERS ANP 

TECHMICIAWS IS VARIOPS AGE QROPPS 





LEVEL OF EMPLOYMENT ANP ARE 


SAURY aSADE 


Engineers 
20-30 years 


(0 

u 

h 4) 
« H 

•SS 
«0 1 
(3 «- 


Engineers 
> <|0 years 


ffl CB 
O 1 

0 o 
Eh cm 


Technicians 
31-ifO years 


Technicians 
40 years 


n = 


78 


57 


57 


83 


23 


19 


<. S4000 


0 


0 


0 


17 


0 


1 


- 5000 


0 


0 


0 


17 


1 


1 


5001 - 6000 


11 


0 


1 


28 


3 


2 


6001 - 7000 




1 


3 


1i* 


8 




7001 - 8000 


11 


k 


6 


6 


5 




8001 - 9000 


25 


11 


5 


1 


2 


6 


9001 -10,000 


13 


11 


5 


0 


1 


1 


> $10,000 


6 


30 


37 


0 


3 


1 



Tables A, 9. 7 and A, 9. 8 show the mean scores for the three 
types of responsibility for each of the salary ranges, for engineers 
and for technicians. 

TABL E A. 9. 7 . MEAN RESPONSIBILITY SCORES FOR E NGINEERS 
^ TO SUCH OF THE SAURY RANGES 







MEAN RESPONSIBILITY SCORE FOR 


Salary range 


n 


Men 


Money 


Policy 


< $M)00 
|1K)01 - 5000 
15001 - 6000 
$6001 - 7000 
$7001 - 8000 
$8001 - 9000 
$9001 -10,000 
> $10,000 


0 
0 

12 
18 
22 

39 
30 
86 


0 
0 
8 
k 

27 • 

12 
20 


0 
0 
iti 

23 
if8 

^5 
^3 
60 


0 
0 
^3 
51 
65 
61 

67 
72 



* high score due to 1 abnormally high 
individual subject score. 
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TABLS A. 9. 8 , 



MEAN RSSPONSIBILITY SCOREg FOR TECHNICANS 
FOa EACH OF THE SALARY RANGES 



Salary range 



MEAN RESPONSIBILITY SCORE FOR 



Money 



Policy 



$4000 
5if001 - 5000 
$5001 - 6000 
S6001 - 7000 
$7001 - 8000 
$8001 - 9000 
19001 -10,000 

$10,000 



18 

19 

33 
26 

9 
2 
if 



0 

1 
1 
2 
7 

15 

29 
0 



10 
25> 
Zk 
23 

27 
50 

53 
33 



• figures unreliable because of very small 
n (number of subjects in group) 



2k 
30 

33 
3k 
k? 
56 
62 
6k 
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TABLE A.1Q.1. TABLE OF CHARACTEHISTICS OF 
SUB-PROFSSSIONAL/TECHNICIAN JOBS 

PART ONE 



Descriptive title 
of 

position or work 


Nature 
of 
work 


Freq- 
uency 


Reapon- 
sibility 


KNOiniEDaE REC 


Technical 








Struct 
-urea 


Mater- 
ials 


Water 


Soils 


Constru 
-otion 


Si 


Teohnioal Officer 
in 

3ovt* employment 


general 

and 

broad 


variable 

frequency 


varies 


DO 


soma 
yes 


some 
yes 


some 
yas 


no 




Draft sfflsn 


special- 
ized 


routine 


low for men 
low for money 
& design 


no 


no 


no 


no 


no 




Survey Taohnioian 


It 


w 


low for men 
low for money 


no 


no 


no 


no 


no 




laterials Testing 

technician 


It 


tt 


low for men 
low for money 


no 


no 


no 


no 


no 




3onatruotion 
tuparviaer 

ERIC 


fairly 
special- 
ised & 
general 


variable 
frequency 


high for men 
diffusa for 
money 


no 


poss- 
ibly 
soma 


poss- 
ibly 
soma 


poss- 
ibly 
some 


yas 


y 



TABLE OF CHARACTERISTICS OF 
SPB«>PR0FSS8I0NALyTECHNICIAN JOBS 



PART ONE 



KNOWLEDGE REQUIRED BY 
Teohnioal Matters 



09 



Struot 
-urea 



Matar* 
iala 



Wator 



Soils 



Constru 
-etlon 



Elect*! 
Eng. 



Matbs 



Com- 
puters 



Equip- 
oent ft 
Plant 



Survey- 
ing 



*9 

f 

O 
ft 



9 

O. 



I- 



no 



sone 
yes 



soffle 
yes 



soffie 
yes 



no 



no 



sone 
yes 



no 



yes 



no 



SobooX eertc 
level ft soms 
further 
engiaeering 
bias in 
subjects 



en 
oney 



no 



no 



no 



no 



no 



no 



no 



Teob* 
Draft' 



yes 



pboto 
gram- 
me try 



no 



«n 
one? 



no 



no 



no 



no 



no 



no 



basie 
ft 

ealeu 

-IttS 



sone 
yes 



no 



semi 

tech- 
sieal 
yes 



no 



en 
oneyl 



no 



no 



no 



no 



no 



no 



Stat- no 
istios 
yes 



yes 



no 



no 




no 



poss- 
ibly 
some 



P08S< 

ibly 
some 



poss< 
ibly 
some 



yes 



yes 



no 



criti- 

oal 

path 

print* 

out 



yea 



some 
yes 



no 



no 



no 



SOI 



APPENDIX 10* SPECIAL GROUP MEETINGS ON JOB CKARACTERJSTTCS. 



Two levels of skill have been under considi^rati -^n 
throughout this project - the j^rnfefitji onai and t hi? i^ub-'f ri fcuo . , 1 
/technician. The sample selected ior receiving que.stionn^irt.s wn : 
representative of the levels of the hierarchy existing iu Di^i civi l 
engineering industry* The respout^e has shown tliat job^ at thv 
various levels do differ with respect to skillsi knowledt^e, 
frequency of task occurrence and responsibility. fiowever, it a^ried 
important that «e should get further opinion on how the two 1 ^^oad 
levels were thought to differ, from a panel of experts, Cr n;.';.-^ -nt i v 
t«o groups 9 each of six people were assembled, one ^-roup oofpp; i .ed 
mainly people connected with and author! tau i.ve aoou!: Unose ,iod. 
in civil engineering generally classified as technician/f^ub- 
professional 9 and the other group comprised of people connected 
with and authoritative about jobs in civil engineering generally 
classified as professional » Several days before each meeting th 
purpose of the meeting was made clear to the participants and tlioir 
thoughts were directed to those aspects in which we were mainly 
interested, e.g. knowledge, manual skill, haad skill, responsibility 
and frequency of task occurrence.- The panel wore also given the 
background to the project and copies of the questionn^^ires. At the 
start of the meeting, the nature of the project was again briefly 
sumr:arised and the purpose of the meeting emphasized and preliininary 
results concerning the broad task analysis, frequency of ta^«ic 
occurrence and responsibility in tabulated form were presented to 
the panel* 

A, 10. 1 ♦ Sub-»prof essional/technician .iobr>« 

The range and diversity oi the technioian/sub-prof ess^oi^al 
staff engaged in the civil engineering inriu^try was apparont 
througnout the discussion. At ^he Technical Officer end of the 
stectrum were men who were claimed to be doing work of a genera!^ 
and broad nature similar to that usually associated with an engineer* 
At the other end of the spectrum for example, materials testing, 
the technician operating the testing* equipment was performinj^ v.^ry 
specialised work of limited and repetitive nature. Construction 
i^upervisors did not fit into this general spectrum, their work 
was characterised by a high management skills content and cleariv 
defined areas of responsibility^ e.g. high for men, but more 
diffuse for money and policy. 



The overall results can be tabulated in the following way:- 
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TABLE A.10..1. (contd.) TABLE OF CHARACTERISTICS 

OF 

SUB-PROFESSIONAL/TECHNICIAN JOBS 
FART TWO 





KNOVLEDQE REQUIRED OF 


}escriptive title 
>f position or 
vork 


Manual 
Skills & 
Frequency 


Economic Matters Manageme 


Feasl- Cost Market Cost- 
bllity Benefit Studies ings & 
studies Analyses Costs 


Plann- Organ- Direct- Contro 


kecnnical uxxxcer 
in Govt « employment 


Tes 

Regularly 


Infrequently, * Freq- 
very important uently 
and difficult and 
to acquire diffi- 
cult to 
acquire 


Often Often Often Often 




Yes 

Regularly 


ft 


Chi 




* Dra 


Survey 
Teohnician 


Yes 

Regularly 


ft 








Material Testing 
Fee bni clan 


Yes 

Regularly 


ti 








Construction 
Supervisor 


Yes 

Regularly 


ft 
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TABLE OF CHARACTERISTICS • 

SUB-PROFESSIOWAL/TECHNICIAN JOBS ^ 
PART TWO ^ 



KNOWLEDGE REQUIRED OF 



jters Kanageoent and Personnel Hatters 



'11^4 Aft 4fifffi Si 

Costs 


Plann- 
ing 


Organ- 
ising 


Direct- 
ing 


Controll- Co-ord- Inter- Labour Qeneral 
ing inating viewing Relet Person- 

-ions nel 


Stat- Safety 
istics Natters 
on 

Staff 


m Freq- 
uently 

diffi- 
cult to 
acquire 


Often 


Often 


Often 


Often Often - Seldom - 


Often 


It 








Chief draftsman - yes generally 












H 








No 








tt 








No 
















Tes 
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A.10.2« Engineer jobs* 

The coDoents made by the oembers of the group discuesing the 
work of engineers «ere much more general in nature and at one stage 
of the discussion it seemed that engineers operating in the civil 
engineering field »ere generalists with the ability to exceed a 
technician«0 specialised knowledge and repetitive akilX in one task 
to include the **breaking in**, or developaent of new teehniques or 
skills because of their more lengthy training and/or their innate 
ability. The importance of management skills was emphasised and, 
surprisingly, the member of the group concerned with construction 
activities said some project managers were not trained as **oivil 
engineers** at all, but had acquired knowledge of and skill in using 
management techniques purely by experience. 



AlO. p. 4. 
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APPBtDIX 11 > 



11*1. BASIC DATA CONCSBWIKQ 8S8P0II0IMTS 

The responae to the queetiomiAire distributed to construction 
forenen was seventy four* The first i^age of the questionnaire sou^t 
inforoation from each subject on where he norked, his age, qualifications 
years of lork in his present Job etc* These group data are presented in 
the following tables: 



TABX£A11.1. SBPloyer distribution. 



Comaonwealth Oovt* 


5 


n 


State Oovernoent 


31 




Local QoTornnent 


27 


36 


Consultants 






Contractors 


11 


15 


Qeneral Industry 






Total response 


7k 


100SK 



TABLE A11.2.. AaeiDistribution . 



20 - 25 years 


0 


0S5 


26-30 " 


1 


1 


31-35 " 


10 


13 


36-40 " 


11 


/^^ 


41-45 " 


8 


11 


46-50 " 


15 


20 


51 - 55 " 


12 


16 


56-60 « 


6 


11 


> 60 " 


7 


10 


No answer 


2 


3 


Total response 


74 


100SK 



.4 II. p. i 



The eapioyMiit pattern is shovn in the folloving tables 
TABLE A11.3. ^Pley[i»at Pattern. 



Years in Present Job 


Tears in CiTi;L Sngineering 


< 1 year 


3 




^ 1 year 


0 




2 years 


2 


3 


2 yeax« 


0 


0 




k 


5 




0 


0 


k « 


k 


5 


5-7 


1 


1 


.5 - 


5 


7 


8-10 " 


6 


8 


6-7 


7 


10 


11-15 " 


13 


18 


8-10 


7 


10 


16-20 « 


11 


15 


> 10 " 




55 


21-30 •» 


29 


39 


No answer 


1 


1 


> 30 " 


8 


11 


Total 


7'^ 




So answer 
Total 


6 


8 


7^^ 


100S( 







Soae questions on forasal training vere asked vith the 
folloving results s 



TABLE 411.4. . Formal Training . 



Type of Qualifioation 



Method 



f 

I's J 



Fore«an's eertifieatei 
Overseer's 
Building Foreaan 
Other certificate 
Degree 

No qualification 
No answer 
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21 

18 
1 
22 
12 

74 



24 
1 
30 
16 



FttU-tiBS 
Part-tiM 
CerrespoBdeaee 
Self-lesra 
^Bandwi^ 



12 

23 
4 
1 
0 

34 
74 



16 

31 
6 
1 
0 

46 

lOOK 



The training organisation and its location were as foXlovst 
TABLE A11*?« Where Course Was Completed . 



Organisation 


State in Australia etc* 


Technical College 


29 






N.S.W,/A.C.T. 


30 




University 


1 






Victoria 


1 




State QoTt* Dept. 


1 






1 South Australia 


1 




At work anA/or hone 


3 




iTasBania 


1 










^Overseas 


1 




Armed Forces 


0 


0.0 


Other States 


0 


0.0 


No answer 


ko 


5^.0 


No ansver 


40 




Total .. 




100.0SIS 






100.0% 







11.2. FREQUENCY OF PSE OF 'ELEMENTS* OF KNOWLEDGE AND IMPORTANCE 
ATTACHED TO 'ELEMENTS * 

The main part of the questionnaire distributed to foremen sought 
information on the usage* the importance and the level of knowledge or 
understanding of a list of 'elements* of civil engineering knowledge. 
This list is given below s- 



TABLB A11.6, List of 'Elements '. 



CONSTRUCTION 

Strength of timber and concrete beams and columns 
Bitumen 

Circular formwork 
Rigging 
Underpinning 
Coffer dams 
Tunneling 

Planning a simple construction job 
Water pipe lines 
Sewer construction 
Plant 

Placing concrete under water 
Timber bridge oonstruction 
Concrete culverts 
Steel sheets and bending 
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OrgauodLsatioa 


ot&ttf 111 AusttrftUft •to* 


Tcehnieal Colle^ 


29 




N.S.W./A.C.T. 


30 




University 


1 




Victoria 


1 




State Govt. Dept. 


1 




\ South Australia 


1 




At work and/or home 


3 




Tasoania 


1 










^Overseas 


1 




Armed Forces 


0 


0.0 


Other States 


0 


0*0 


No aasver 




5<».o 


No ansver 


ko 




Total 


7^ 


lOO.OSlS 






100.09$ 







11.2. FREftPENCY OF PSS OF » ELEMENTS' OF KNOWIEDOE AND IMPORTANCE 
ATTACHED t6 'ELEMSaiTS ' 

The main part of ths questionnaire distributed to forenen sought 
infornation on the usage, the importance and the level of knowledge or 
understanding of a list of 'elements* of civil engineering knowledge. 
This list is given below t- 



TABLE A11.6. List of 'Elements '. 



CONSTROCTION 

Strength of timber and concrete beans and columns 
Bitumen 

Circular formwork 
Rigging 
Underpinning 
Coffer dams 
Tunneling 

Planning a simple construction job 

Water pipe lines 

Sewer construction 

Plant ^ 

Placing concrete under water 

Timber bridge construe.tion 

Concrete culverts 

Steel sheets and bending 




MECHANICS 
Levers 

Pulley blocks, winches 

Safe working load; fibre and wire ropes, chains. 
Safe sustaining power of piles 
Drop hamiMrs, steam hammers 

All. p,3. 



TABLi; A11.6.- (Continued) 



i:'PEC.XyiCfrT rON WRITING AND CONTRACTS 
Clearing 

Grading drainage eobankoents 
Explosives 

Interpretation of eontraets 
Contractors risk 
Security deposits 
Responsibilities of parties 

FOONDATIONS 

Properties of soils 

Pile and pier foundations 

Cfldeeons 

Air pressure work 
CRITICAL PATH PROQRAMMINQ 
BOOK AUD RECORD KEEPING 

PUBLIC HEALTH 

Parks and gardens 
Swimming facilities 
Sanitary plumbing 
House drainage 
Camp sanitation 
Sullage ttatecT 
Sewage disposal 
Storovater drainage 
Ventilation ' 

CALCULATIONS 

Trigonometry, areas and volumes 
Material coating 
Reduced levels 
Calculation of wages 

TIMBER 

Timber growth conv«trsion 
Seasoning 

Identification and weight 
Durability and suitability 
Timber joints 
Piling 

FASTENINGS 

Nails, screws, bolts and rivets 

CONCRETE 

Concrete quantities 

Types of cement and nixes 

Aff TeBrates and tests for impurities 



t#ontri&e tors risk 
Sseurity dsposits 
Beuponsibilitiss of lartiss 

FOTOPATIONS 

Properties of soils 
Pile and pier foundations 
Caissot'S 

Air previa ure work 
CRITICAL PATH PR0Q2AMMINQ 
BOOK AMD RECORD KEEPIWg 

PPBLIC HEALTH 

Parks and gardens 
Svimning facilities 
Sanitary plumbing 
House drainage 
Canp sanitation 
Sullage wate.c 
Sewage disposal 
Storfflvater drainage 
Ventilation 

CALCULATIONS 

Trigonometry, areas and volunes 
Material costing 
Reduced levels 
Calculation of wages 

TIMBER 

Tiaber growth conversion 
Seasoning 

Identification and weight 
Durability and suitability 
TiiAber joints 
Filing 

FASTEWINOS 

NailSf screws, bolts and rivets 

CONCRETE 

Concrete quantities 
Types of oenent and isixes 
Aggregates and tests for impurities 
Slump emd strength 
Methods of mixing 
Strengths of concrete 
Formwork 
Reinforcement 
SAA code CAZ 1938 
Effects of weather conditions 
Expansion and contraction 
Durability 



All. p**4» 
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TABLE A11.6* (Continued) 



SCAFFOLDING 

Scaffolding different methods 
Scaffolding and Lifts Act 

REPORT WRITING 

MISCELLANEOOS 
Surveying 

Training workers on the Job 
Solving problems 
Developing group morale 
Safety regulations 
Concrete drying rata 
Pneumatic drilling 
tlnion regulations 



The instructions concernixxg these items asked respondents 
to indicate - 

(A) How often you use each element in your job* 

(B) How important each element is to your job. 

(C) How much you need to know about each element* 

by placing your answer in the corresponding answer column and giving 
it a number from ^ - 

would indicate that you spent almost all your 
time using that element 

would indicate that you spent more than half of 
your time using that element 

would indicate that you spent less than half your 
time using that element 

would indicate that you spend almost no time 
using that element 

would indicate that the element was very important 
to your Job 

would indicate that the element was important to 
your Job 

would indicate that the element was not very 

important to your Job 

would indicate that the element was not important 
to your Job at all 

indicates complete theoretics^, and working knowledge 
indicates knowledge of principles only 
Indicates practical worjEing knowled^ 
indicates basic facts only 



For Column (A) 1 



5 
k 

For Column (B) 1 



For Column (C) 1 

2 

ERIC 5 



MISGELLANEOnS 
Surveying 

Training workers on the job 
Solving problems 
Developing group morale 
Safety regulations 
Concrete drying rate 
Pneiuaatic drilling 
Union regulations 



The instructions concerning these items asked respondents 
to indicate - 

(A) How often you use each element in your job* 

(B) How important each element is to your job. 

(C) How much you need to know about each element* 

by placing /our answer in the corresponding answer column and giving 
it a number from 1 - ^. 

For Column (A) 1 

2 
3 



For Column (B) 1 

2 



For Column (C) 1 

2 

3 
k 

5 



would indicate that you spent almost all your 
time using that elec^nt 

would indicate that you spent more than half of 
your time using that element 

would indicate that you spent less than half your 
time using that element 

would indicate that you spend almost no time 
using that element 

would indicate that the element was very important 
to your job 

would indicate that the element was important to 
your job 

would indicate that the element was not very 
important to your job 

would indicate that the element was not important 
to your job at all 

indicates complete theoretical emd working knowledge 
indicates knowledge of principles only 
indicates practical worfadng knowledge 
indicates basic facts only 

indicates no knowledge of element required for your 
job 
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All. p,5. 



Dealing firstly with the usage of the * elements* of knowledge 
the following table can be compiled: 

i 

TABLE A 11, 7. (Part l) Frequency of Use (Main Items Only) . 



Frequency of scoring 

•1 ^ 4 ^ 0 . ^ATMftf* b1 tRA e4* o n 

time usinis the element^** 


'Element* 








Planning a ainnlA conati>Ufi1:ioii 
Job 




Safety regulations 


18 


Concrete quantities 


18 


Solving problems 




oeweF vone vru6 biou 








v*An 4" 1^ A o ti ^ n t 

HbrsngbuB ox concrebe 


15 


Formwork 


13 


Beinforcement 


13 


Report writing 


12 


Responsibilities of parties 


12 


Slump and strength (concrete) 


12 


Training workers on the job 


11 


Strength of timber and concrete 
beams and columns 


11 


Book and record keeping 


11 


Reduced levels (calculations) 


11 


Expansion and contraction 
(concrete) 


11 


I>urability (concrete) 


11 


Concrete drying rate 


10 


Types of concrete and mixes 


10 


Aggregates and tests for 
impurities 


10 


Methods of mixing (concrete) 


10 


^6 other items 


At the bottom of the list « 


'ere:* 


2 


Tunneling 


2 


Parks and gardens (public 
health) 



Fraqtiency of scoring 
I* spoav axnost an 
time uainff the element** • 


* Element * 


35 


Plant 


25 


Planning a simple ooAstruotion 


cp 




iA 
lO 


Concrete quantities 


19 


ooxvxng pFOPxems 


* / 


Sever construction 


Tt 


Water pipe lines 




Strengths of concrete 




^ornworK 




Jnexnzorceisenr 




Keport writing 


lei 


AesponsiDxxixxes ox parvxes 


12 


Slump and strength (concrete) 


12 


Training workers on the Job 


11 


Strength of timber and concrete 
beams and columns 


11 


Book and record keeping 


11 


Reduced levels (calculations) 


11 


Expansion and contraction 
(concrete) 


1 1 


■LhiraDilxty \ concrete; 


11 


Concrete drying rate 


10 


Types of concrete and mixes 


10 


Aggregates and tests for 


10 


Methods of mi3cing (concrete) 


10 


56 other items 


At the bottom of the list w 


ere:- 


2 


Tunneling 


2 


Parks and gardens (public 
health) 


2 


Calculations of wages 


2 


Timber growth conversion 


1 

I 


Swimming facilities (public 
health; 
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■■ « ■ ■ ■ ■ •■■ . ■ 

TABLE All, 7, (Pari ?) Frequency of Use (Main Items Only) . 



i«e» "spent more than 

half of time usinc element** 




19 


Solving problems 


18 


Sa f A 4! V A 111 A ^ 4 0 ?tfi 


• f 


V 9 XOpmg up wO jTnX^ 












'Pvmoiss ^^n^iwA^a nvi^ fifl van 




v/ozivP9vv Ciiirvervs 


■ 1 


^XauXlXugi tl oXinpX9 vOuowruvwXwIl 




job 


11 


Book and record keeping 


ll 


Aeaucea xevoxs vcai.cuj.ciwXOzis/ 


11 


jEiexzix orcouien u 


11 


Pneumatic drilling 


10 


Bitumen 


10 


Gradin^^ drainage embankments 


10 


Ventilation 


10 


Expansions and contractions 




vconcrere / 




i^ur » 01 XX V CO nc tbz e y 


m 

IV 


neporv wribing 


At the bottom of the list W4 


areJ- 


2 


Underpinning 


2 


Coffer dams 


2 


Drop baizmiere, steam hammers 


2 


Intsroretatlon of contracts 


2 


Calculation of wages 




Circular formwork 




Tunneling 




Security deposits 




Air pressure work 




Caissons 


0 


Sewer construction 







Ml. p. 'T. 



Trbles A11,7, Parts 1 and 2 can be combined to give:- 
TABLE A 11. 7*. (Part 3) Frequency of Use (Main Items Only ). 



Frequency of Scoring 
1 + 2 


'Element* 


50 


Plant 


Hi 


Oa^a^w m a ^mvI amcb 

mirexy reguxavxons 


57 


soxving prooxeins 


?o 


Flaxmlng a simple construovion jOD 


33 


Concrete quantitieB 


27 


iTdinxQg voTKere o& xne jod 


2h 


Reinforcement ( concrete ) 


2*f 


Developing group morale 


23 


Report writing 


22 


Book and record keeping 


22 


Reduced levels (oaloulations) 


22 


Strengths of concrete 


22 


Formwork (concrete) 


21 


Expansion and contraction (concrete) 


21 


Ihirability (concrete) 


21 


Concrete culv^erts 


19 


Strength of timl>er and concrete 
beams and columns 


19 


Concrete arying rate 


18 


Slump and strengt/i v concrete y 


1o 


Grading drainage embankments 


1o 


Ventilation 


17 


Sewer construction 


17 


Pneumatic drilling 


17 


Water pipe lines 


And for interest, bottom ( 


9f the lists 


if 


Caissons 




Swimming facilities 


if 


Calculation of wages 


3 


Tunnel-'.ng 


3 


Timber growth conversion 



O One may argue that points on softies cannot be summed buV^ 

ERJC eyerthelesfl we are not drawing any conclusions between the roBki&gs 
^—'i and 2, and their sum, and rankings 3 and 4 and their stuo* / 



TV 






























Plann^ntiP n fi4iiitil.A fiOfiAtniAtioii loll 
















ni ncr 8iAT»lri»i^fi fiti lob 
























RiifMv* t vr4 tinff 










PP 
























c 1 








21 






Dut^aH*} 14itv I AAfieT*AiiA J 








^/^VlAWA^A /VIllvAW^O 

^oucreve cuxvvz^o 


19 






strength of timber and concrete 

DOelfflB oluOl CwXIUIImO 


iO 






Cf\r%n ^ A i4v*v4 nff f*A^A 


18 






&1 iiffin Anr) A4iT*Anff4ih (AAtiepAtAJ 


f w 






QT*Af94 ncp <li«A4nAffA AnbAnlcBiAiitfi 








VAnf 4 1 of 4 An 








OeW9X^ CWUO V J^UW wX wXi 


If 








17 






Wa^at* n't t\a T4nAS 


And for interest , 


bottoffl of the lists 


k 






Caissons 


k 






Swiausing facilities 


if 






Calculation of vages 


' 3 






Tunneling 


3 






Tiicber growth . conversion 



One nay argue that points on soalee cannot be summed but 
nevertheless «e aze not drawing any conclusions between the rankings 
1 and 2, and their sum, and rankings ? and k and their sum* 

A brief check of the ratings ? and k showed that they correlated 
inversely with ratings 1 and 2 as would be esqpeoted* 
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Turning now to the iaportance of the 'elements' of knowledge 
another series of tables can be constructed:- 

TABLE A11,8, (Part l) Importance (Main Items Only) . 



Frequency of scoring 1» 
i«e» "element was very 


'Element* 




Plant 




Safety regulations 


39 


Planning a simple construction job 


39 


Solving problems 


30 


Formwork (concrete) 


30 


Training workers on the job 


29 


Reinforcement (concrete) 


28 


Seduced levels (calculations) 


28 


Report writing 


27 


Concrete qiiantities 


2k 


Book and record keeping 


24 


Types of concrete and mixes 


Zk 


Methods of mixing (concrete) 


Zk 


Developing group morale 


23 


Concrete culverts 


23 


Slump and strength (concrete) 


22 


Effects of weather conditions 
(concrete; 




Expansion and contraction (concrete) 


22 


Sixrveying 




Water pipe lines 


21 


yuraDility v concrete / 




£>ewer construction 


20 


Union regulations 


** W I^AA^ WW V Will VMv JLACi 




5 


Caissons 


5 


Camp seinitation (Public Health) 


5 


Ventilation (Public Health) 




Parks and gardens (Public Health) 


3 


Calculation of wages 


2 


Swimming facilities (Public Health) 


1 


Timber growth conversion 







A similar table can be constructed by looking at the 
frequencies under coluon 2* 

TABLE A11,8i (Part 2) Itaportance (Main Items Only) . 



Frequei.vy of scoring 2. 
i»e« "element was 
important to :iob" 


* Element* 


50 


Types of concrete and nixes 


29 


Safe working load^ fibre and wire ropes, 
chains 


29 


Sxpansion and contraction (concrete) 


29 


Developing group morale 


28 


Trigone try, areas and volumes 
(calculation/ 


28 


Durability v concreted 


27 


Book and record keeping 


27 


Union regulations 


26 


Strengths of concrete 


26 


Training workers on the job 


25 


Aggregates and tests for iDpuritxes 
(concrete) 


Zk 


Pulley blocks and winches 


2h 


Concrete quantities 


Zh 


Slump and strength (concrete) 


Zk 


Methods of miscing (concrete) 


24 


Effects of weather conditions 


Zk 


Solving problems 


Zk 


Concrete drying rate 


25 


Material costing (ca culations) 


22 


Stormwater drainage (Public Health) 


22 


Forowork (concrete) 


22 


Pneumatic drilling 


21 


Planning a simple construction job 


21 


I>evers 


21 


Grading drainage, embankments 


21 


Reinforcement (concrete) 


21 


Report writing 


20 


Bitumen 


20 


Sewage disposal (Public Health) 


20 


Reduced levels (calculations) 


At the bottom of the 


list weres- 

1 . . .. 



loportant to dob«» 


■■■ ^•'Elwwiit* 


50 


Types of concrete and mixes 


29 


Safe working load, fibre and wire ropes, 

chains 


Z9 


Expansion and contraction (concrete) 


39 


Developing group morale 


28 


Trigonometryi areas and iroluffles 
(calculation) 


28 


Durability (concrete) 


27 


Book and record keeping 


27 


Union regulations 


26 


Strengths of concrete 


26 


Training workers on the job 


25 


Aggregates and tests for impurities 
(concrete) 


2^ 


Pulley blocks and winches 


2k 


Concrete quantities 


Zk 


Slump and strength (concrete) 


2k 


Methods of mixing (concrete) 


Zk 


Effects of weather conditions 


2k 


Solving problems 


2k 


Concrete drying rate 


23 


Material costing (calculations) 


22 


Stormwater drainage (Public Health) 


22 


Formwork (concrete) 


22 


Pneumatic drilling 


21 


Planning a simple construction job 


21 


I»cvers 


21 


Orading drainage, embankments 


21 


Reinforces^nt (concrete) 


21 


Report writing 


20 


" Bitumen 


20 


Sewage disposal (Public Health) 


20 


Reduced levels (oaloulations) 


At the tx>ttom of the 


list were:- 


8 


Steel sheets and bending 


8 


Calculation of wages 


7 


Drop hammers and steam hammers 


7 


Timber eeasonin j 



ERIC 
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By eoobining the two previous tables one obtains the 
following: 

TABLE All, 8, (Part 3) Importance (Main Items Only) . 



rr0<|ttoiicy or ooorx&g 
1+2 


* Element' 






o3 


ooxvxng proQxomB 


62 




pO 


f^Xaimmg A SXiDpXfy COmBvPUvvIwu 


56 


iTfltxnxiig wor&GrB on vno joo 


5o 


xypOo OX wOMOr9 two m^MSCB 




strengtn o x coixctbzb 


53 


Concrote quantities 


53 


l/evoxoplng group inoraxe 




«ormworK vconcrswo/ 


51 
✓ • 


Book and record keeping 


51 


Expansion and contraction (concrete) 


50 


Heinforcement (concrete) 




Durability (concrete) 


'♦9 


Beport writing 


^ 


Reduced levels (calculation) 




Methods of miscLng (concrete) 


^7 


Slump and strength (concrete) 


^7 


Union regulations 


Elenents at the bottom of the list were not much 


different from those in previous **bottom of the 


lists**. 


1 
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APPENDIX 12 



AIMS OF CIVIL ENGINEERINQ COURSE 
- UNIVERSITY OF MELBOnSNE 



UNIVERSITY OF MELBOURNE 
DEPARTMENT OF CIVIL ENGINEERING 

AIMS OF THE CIVIL ENGINEERING COURSE 



A civil engineer should have received at the University an 
education appropriate firstly for a graduate , secondly for an 
engineer and thirdly for a civil engineer , in this order of 
itaportance. 

This conclusion has been reached following a review of the 
mental characteristics, the habits of mind, the intellectual skills 
and the general and specialised knowledge which is looked for in the 
mature engineer, and which is expected, in embryo at least, in the 
fresh graduate* 

The attributes of the University graduate should include the 
following: 

a) A general understanding of the cultural, social and 
political structure of society* 

b) An ability to ascertain the true nature of a problem 

or an event by a logical process of observation analysis 
and induction. 

c) An ability to commvinicate ideas and infonration with 
others by speech, writing and in other ways. 

d) An ability to find rapidly any information needed, 
either from the literature or by consultation with 
appropriate persons. 

e) Self-reliance, in the sense of being willing to tackle 
unfamiliar problems* 

The attributes of graduate engineers in general, in addition 
to those listed above, include the following; 

a) A thorough understanding of the basic scientific knowledge 
and principles, and their engineering developments, 
underlying engineering work. 

b) The attainment of some skill in engineering analysis - 
in particular, the stripping down of a problem to its 
essential elements, and its formulation where possible 
in mathematical terms for solution* 

c) Some ability in synthesis i.e. the development of solutions 

to engineering problems which will satisfy prescribed criteria 
of function, cost, strength, appearance, etc* 

d) An appreciation of the economic, social and political 
factors which may influence engineering decisions. 

ERjC •) An awareness of the signifioanoe of the engineer's work in 

relation to the physical and social environment, and of the 

AAA . * 
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A civil engineer should have received at the Onivereity an 
education appropriate firstly for a graduate , secondly for an 
enginefer and thirdly for & civil engineer , in this order of 
ioportance* 

This conclusion has been reached following a review of the 
nental characteristics, the habits ^f mind, the intellectual skills 
and the general and specialised knowledge which is looked for in the 
mature engineer, and which is expected, in embryo at least, in the 
fresh graduate* 

The attributes of the University graduate should include the 
following: 

a) A general understanding of the cultural, social and 
political structure of society. 

b) An ability to ascertain the true nature of a problem 

or an event by a logical process of observation analysis 
and induction. 

c) An ability to commimicate ideas and information with 
others by speech, writing and in other ways. 

d) An ability to find rapidly any information needed, 
either from the literature or by consultation with 
appropriate persons. 

e) Self-reliance, in the sense of being willing to tackle 
unfamiliar problems. 

The attributes of graduate engineers in general, in addition 
-o those listed above, include the following: 

a) A thorough unoeretanding of the basic scientific knowledge 
and principles, and their engineering developments, 
underlying engineering work. 

b) The attainment of some skill in engineering analysis - 
in particular, the stripping down of a problem to its 
essential elements, and its formulation where porsible 
in mathematical terms for solution* 

c) Some ability in synthesis i.e. the development of solutirns 

to engineering problems which will satisfy prescribed criteria 
of function, cost, strength, appearance, etc. 

d) An appreciation of the economic, social and political 
factors which may influence engineering decisions. 

e) An awareness of the significance of the engineer's work in 
relation the nhy^slcal and social environment, and of the 
special duties and responsibilities of the engineer to the 
community. 
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f) Ability to express oneself by means of drawings, illustrations 
and models • 



g) Ability to think ahead and to foresee, - xne possible trends 
4>: 'uture developoenta in engineering and to evaluate their 
l.*p?.;.cation. 

h) Ability to work as part of a team. 

i) An understanding of the principles underlying successful 
engineering s^nageaent and orgflhiisation* 

j) A recognition of the fact that engineering is life-long 
study, and an urge to extend cortinually one's knowledge 
and experience* 

k) Adaptability, flexibility of outlook and resourcefulness. 

It will be seen that the attributes sought in a oivil eng ineering 
graduate are similar in essence to those desirable in any engineering 
graduate. It is, in fact, not easy to list additional attributes 
required specially in a civil engineer. Is there something in his 
work which makes it basically different from that of a chemical 
engineer, for example? The committee resisted the temptation to define 
civil engineering as covered by the fields of structures, hydraulics, 
soils and transport, because it recognised that these fields change 
from time to time - soil mechanics, for instance, has only been so 
recognised within the last 30 years, and even today there are some 
diehards among University professors who do not recognise the claims 
of transport to a part in a civil engineering degree course. By the 
same token, in twenty years' time civil engineering may have extended 
its boundaries, into submarine engineering, perhaps. 

The discussions began as a review of the present course* 
Considerations of problems such as obsolescence, however | necessitated 
an examination of the basic aims of engineering courses* It became 
obvious that the precise content of a subject, in the later years at 
least, is less important than the way in which it is taught. Exactly 
what the student holds in his mind by way of facts is less eignificant 
than the permanent!; valuable attributes which the graduate civil 
engineer needs. The facts may soon become obsolete; the permanently 
valuable me^ital characteristics, by defini^'on, will not. 

Ideally the engineering student is bein^ trained for oonditioiiS 
that will prevail throughout his professional life, not for those that 
exist today. But a particularly discrncerting feature associated with 
attempts to put this into practice is that new and important developments 
tend to occur more and more rapidly, and that it Is ustially not 
possivif^ even for the best Informed persoiio to foresee them* 
Computers are a case in point - only 10 years ago even those people who 
had been most closely concerned with their application In civil 
engineering did -ot expect them to make the major impact on the work 
of the profession that has occurred. 

It is not possible to equip the graduate with techniques and 
specialised knowledge which will remain up-to-date during his working 
life. There is even no guarantee that what he acquires in the way of 
specialised skills will not be obsoltta within 10 years* The only way 
lurf "^ici^ difficulty can be overcome is by developing a spirit 

iJ^ndependent enquiry and self-education during the course so that these 
hsbit«'. mav be continued in later nrofessional life* The student must 



h) Ability to work as part of a teas 



i) An understanding of the principles underlying successful 
engineering management and orgckisation* 

j) A recognition of the fact that engineering is life-long 
study, and an urge to extend continually one*s knowledge 
and experience* 

k) Adaptability, flexibility of outlook and resourcefulness. 

It will be seen that the attributes sought in a oivil engineering 
graduate are similar in essence to those desirable in any engineering 
graduate. It is, in fact, not easy to list additional attributes 
required specially in a civil engineer. there something in his 

work which makes it basically different from that of a chemical 
engineer, for example? The committee resisted the temptation to define 
civil engineering as covered by the fields of structures, hydraulics, 
soils and transport, because it recognised that these fields change 
from time to time - soil mechanics, for instance, has only been so 
recognised within the last 30 years, and even today there are some 
diehards among University professors who do not recognise the claims 
of transport to a part in a civil engineering degree course. By the 
same token, in twenty years' time civil engineering may have extended 
its boundaries, into submarine engi eering, perhaps. 

The discussions began as a review of the present course. 
Considerations of problems such as obsolescence, however, necessitated 
an examination of the basic aims of engineering courses. It became 
obvious that the precise content of a subject, in the later years at . 
least, is less important than the way in which it is taught. Exactly 
what the student holda in his mind by way of facts is less significant 
than the permanently valuable attributes which the graduate civil 
engineer needs* The facts may soon become obsolete; the permanently 
valuable mental characteristics, by definition, will not. 

Ideally the engineering student is being trained for conditions 
that will prevail throughout his professional life, not for those that 
exist today. But a particularly disconcerting feature associated with 
attempts to put this into practice is that new and important developments 
tend to <>ccur more and more rapidly, and that it is usoally not 
possible even for the best informed persons to foresee them. 
Computers are a case in point - only 10 years ago even those people who 
had been most closely concerned with their application in civil 
engineering did not expect them to make the major impact on the work 
of the profession that has occurred. 

It is not possible to equip the graduate with techniques and 
specialised knowledge which will renain up-to-date during his working 
life. There is even no guarantee that what he acquires in the way of 
specialised skills will not be obsolete within 10 years. The only way 
by which this difficulty can be overcome is by developing a spirit of 
inde}vendent enquiry and self-education during the course so that these 
habits may be continued in later professional life. The student must 
be actively encouraged to continue to maintain and improve his 
qualifications by self study, attendance at lectures, participating in 
conferences, reading of the current literature, etc. Although some of 
the specialised training may become obsolete w- t.iin a short time, there 
does exist a core of basic knowledge and principles on which new and 
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unpredictable developments must be founded, and which are, therefore 
an essential part of the engineer's mental equipment. 

As a result of the foregoing considerations our attention was 
drawn to a number of defects in engineering courses: 

1. There should be less preoccupation with what is taught, and 
much more attention to how it is taught in such a way as to 
develop the attributes, general and engineering, listed earlier. 

2. At the same time, the graduate civil engineer obviously must 
have mastered a basic stock of knowledge and techniques which 
can be brought into play and applied with little or no delay. 
Can this essential stock of basic knowledge and techniques be 
listed? The committee knows of no such list, but one would be 
very helpful to teachers as well as students, as they then 
would know which material in their courses would need to be 
mastered to this degree of thoroughness, and which would not. 

3. Engineering courses are, in general, good in developing skill 
in analysis, but weak in developing ability to synthesise so 
as to produce a satisfactory design for a structure, or system, 
a process or an operation. The pedagogic principles behind 
success in either analytical or synthetical teaching, are not 
generally agreed among engineering teachers, most of whom are 
groping in the dark, especially in training students in the 
processes of synthesis. 

4. Too little is done in training students to communicate effectively, 
either in writing or speech. For most people, skill in the 
written or spoken word comes very slowly, and only after long 
practice. One difficulty is that the standards of many engineering 
teachers themselves in these matters fall short of excellence, 

and they are therefore less critically helpful than they might be. 
Another difficulty is that under today's conditions of life the 
home background is often less stimulating intellectually than it 
was for the typical undergraduate of 50 years ago came from the more 
privileged classes. Much less attention is given in University 
courses- today to the detailed engineering drawing than, say 40 
years ago, and this is reasonable in view of the way offices are 
organised nowadays. The graduate engineer still, however, needs 
to be able to draw clearly and quickly and should be able to use 
freehand sketches to help convey bis ideas. The emphasis should 
be on reasonable fluency in lettering and line work rather than on 
the traditional draftsmanship skills which can only come with 
continued practice. 

5. Most new graduate engineers are weak on the non-technioal 
factors set out in (d) in the list of attributes. In the U.S.A. 
particularly, Universities have taken steps to correct this by 
including humanities subjects in the engineering courses, and this 
is good 80 long as these ars handled imaginatively and do not 
become merely a burdensome obligation to the student. In Australia 
the position is particularly bad because of the extreme degree of 
specialisation in the school curricula, which leaves the secondary 
school product with much less than a well-rounded- basic education* 

6. More attention should be given to the training of students to find 
information by a search of the literature « how to take notes and 
keep record cards, or bev to cope with the flood of new literature 
(see (d) in the attiributss of the University graduate)* 



nuoh oore attentibn^to how it is t&ttght~1ln suoh a f»y aa to =^==»*" 
develop the attributed , general and engineering, liated earlier. 

2» At the same tine, the graduate civil engineer obviously nust 
have mastered a basic stock of knowledge and techniques which 
can be brought into play and applied with little or no delay. 
Can this essential stock of basic knowledge and techniques be 
listed? The committee knows of no such list, but one would be 
very helpful to teachers as well as students, as they then 
would know which material in their courses would need to be 
mastered to this degree of thoroughness, and which would not. 

3* Engineering courses are, in general, good in developing skill 
in analysis, but weak in developing ability to synthesise so 
as to produce a satisfactory design for a structure, or system, 
a process or an operation. The pedagogic principles behind 
success in either analytical or synthetical teaching, are not 
generally agreed among engineering teachers, most of whom are 
groping in the dark, especially in training students in the 
processes of synthesis. 

km Too little is done in training students to communicate effectively, 
either in writing or speech. For most people, skill in the 
written or spoken word comes very slowly, and only after long 
practice. One difficulty is that the standards of many engineering 
teachers themselves in these matters fall short of excellence, 
and they are therefore less critically helpful than they m%g;h.t be. 
Another difficulty is that under today's conditions of life the 
home background is often less stimulating intellectually than it 
was for the typical undergmduate of 50 years ago came from the more 
privileged classes. Much less attention is given in University 
courses today to the detailed engineering drawing than, say 'fO 
years ago, and this is reasonable in view of the way offices are 
organised nowadays. The graduate engineer still, however, needs 
to be able to draw clearly and quickly and should be able to use 
freehand sketches to help convey his ideas. The emphasis should 
be on reasonable fluency in lettering and line work rather than on 
the traditional draftsmanship skills which can only come with 
continued practice. 

5* Most new graduate engineers are weak on the non-technioal 

factors set out in (d) in the list of attributes. In the U.S.A. 
particularly, Universities have taken steps to correct this by 
including humanities subjects in the engineering courses, and this 
is good so long as these ars handled imaginatively and do not 
become merely a burdensome obligation to the student. In Australia 
the position is particularly bad because of the extreme degree of 
specialisation in the school curricula, which leaves the secondary 
school product with much lees than a well-rounded- basic education. 

6. More attention should be given to the training of students to find 
information by a search of the literature, bow to take notes and 
keep record cards, or how to cope with the flood of new literature 
(see (d) in the attributes of the University graduate). 

7. More should be done to make a student conscious of the social 
consequences of his work, of its sffect on the environment or of ho» 
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conflict can arise between his duty to an employer and his wider 
obligation to the coouBunity. 

8. More emphasis should be given to instruction is the economic 
aspects of engineering work, since economics is one of the basis 
criteria of any engineering project, and the over riding one in 
many. 

9. The graduate is not properly prepared for his further education 
to help him see that his University studies are only a start on 
the road and to produce in him the proper habits for effective 
study. 

This document was prepared after discussion by the 
Course Revision Committee and is based on a paper by Prof. A.J. Francis 
which summarized the results of their discussions. The final draft 
was edited by Dr. P.J. Moore. 
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INDIVIDUAL DATA SHEET 



NAME OF ORGANISATION: 

ADOflESS: 

TELEPHONE NO.: 
s 

NATURE Of BUSINESS: 



Of fice 

USE 



AnpiQximatt total miptoyMS 




Pi«M« iduitcti an abbraviattd 
organisation chart allowing 
yoia^ poiitioii in organisation 
io talation to Haad of Company* 
Otpartmoiit ate. 



WHat is your Job titft? 



Typa of isorii: 

Sfioct ona an»wer Urn:- 

Dtsign. constrciction, maintenanca, 

laasiMllty/oconomlc atodias* 

MO/toirastlgationai, salaa. 



Your name 



Aga: 



PtoMa dataifs of My Vonaal 
qualfficatims you hava a.g* 
Df^aa. Diploma, Cartificata. 

How wara thay obtainad? 
Poil-tiM« p»t4iflw or aaoM^ 
ooiirsa* 
IHiaii? 



a) 



«Vhat ipaeiat training or tkilla 
tfo you fiavf ? a g^ Msnaganiant« 
LsMiti Rauiions. Cougar 
Taolinology ttc 



o 

i^i^t sort of pra<Hioal CiHI 
fiigliisorintf traihing havo you had? 





■ ■ - - ■ ^ 




Approximttt total MiployMt 






O^artMst or Mction of tetinoat 






flOMO tktl^ m lAlirovistttf 
ovflMiMtifMi chart showing 
your pot itiofi in orgMiMtion 
in rotation to Haad of Coas|»afiy, 
I OvM^MfnMit ate. 

t 

V 


1 




I 

\ mm ia your job titia? 






r- ■ ■ ■ ■ ^ 

j 

Typo of work: 

Saiect ona answer frcMn:- 

l^sign* cooatriiction, mamtenanco, 

foaailNtily/oconomtc studios, 

RAD/fiiwMigationar aaloa. 




^ 


Voor noma 




Ago: 




PiwM§ gtvo Oataits of any formal 
1 iiualificatioaa you havo a.g. 
Dtgroa. Diploma, Cartifioa^. 

\ How wtra thay obtainotf? 

! FiHI-ttaio, part-tima or aamfwfch 

Goorao. 

Wtan? 


a) 

b) 




What special training or skills 
do you hava? e.g. Managomantt 
Labour flaiations< Con^tor 
Tootif^^logy ate 






Wfiat sort of practical Civil 
engtnaofing training liava yon bad? 






Mow fofig bava you baon io your 
proaant Job? 






rn^r ^ oMbiy yoara bavo yon baoii ONSvlibig 
tK^;tvil £nginooring? 
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TASK ANALYSIS 



TeCHNICAL MATTEM 



In the section below pteaM - ' 

(a) write again your answer to the question on page 1 on Tyiw of Work in the space beiow. 

<i>} select oQg.of the branches of civil engineering from the t%«o lists below which describes that part 
of civil engineering with ^ich your work is concerned, indicate selection by underlinino branch 
and placing ticit in box. If more than one branch is oiearly your coftcem plMse state an approximate 
percentage against those involved. 



CO) TYPE OF WORK 




{b) f?f)ANCH OF 
CIVIL £NGll«EEf»NG 




OFfice 


bhancn of 
civil. moiNBefttNo 


BOX 


OFFICE 
USE 


Buildings 
Bridges 

e 

Roads 
Railways 
Dams 
Tunnets 






Water Supply 
Sewerage iK>rk8 
Pipe lines 

(Other than water or sewerage) 
Harbours 

Airports 

Other (specify) 















































In the section on pages 4 and 5 please indicate in eonneetton wiUi - 

use - mose elements or parts of civil engineering knowledge which you use In the performance of your 

)ob, by placing a tick against th«n. 
, Please write O' against thMe you do not use. 

For those elsmoits of civil engineering knowledge you use i.e.. those you have ticked please indicate - 

f 

LEVEI. Oh KNOWLEDGE - by selecting one of the following code numbers with th^ meanings as given:- 

1 s Advanced level of knowledge of the whole element 

2 X General level of knowledge of whole eiiient 

3 = Specialised knowledge of fiui oTiiemmt 

4 s Very specialised knowledge of amati tmpf of element 

FREQUENCY of use by selecting one of the following code numbers with their meanings as given:- 

1 s Regularly, frequently, i.e. every day or eva^y other day 

2 s Frequently, i.e. about once a week 

3 = Not frequently, i.e. abmit mce a month 

4 = Infrequently, i.e. less than 10 times a year 

IMPORTANCE - i.e. whether knowledge of the particular element Is Important in your Job, Yow answer 
to be selected from the following code numbers with their meanings ts given:- 

1 a Very important, easy to acquire 

2 a Very important, difficult to acquire 

3 s Important, easy to acquire 

4 s Important, difficult to acquire 

5 sNot importer. I 

FR?r^'*^HtrL" P'eMe indicate how difficult you eeneldor the handling or understanding of this pertieuiar 
ciy^ element of knowledge to be. Please select ' ^- ' « 'tt. 



meanings as given:* 



•elect yotir answer tlie followtng eede numbers with the 



(a) writ* •gain your tniwwtQ tht qutttion on pag* 1 on Typ« of Work lii tiM tpaot Mow. 

(6) satMt SQ&of tha branchat of civil mfilnaaHng from ttia two llata batow whloh daaortbaa that fMrt 
of civil anginaaring with your werH ta ooneamad. Intfloata aalaetlon by untfartining branch 
and placing tick in box. If mm than ooa biaiiQh la elaarly your eonotm plaiaa tttta an i«prexlmata 

percentage against thosa InvolvaO. 



(a) TYPE OF iomc 




(h> BRANCH OF 
CIVIL CMQINEEfUNO 


BOX 


OFFICe 

use 


BRANCH OF 
aVtU INOINBERINQ 


BOX 


OFFICC 

use 


Buiidings 






Watar Supply 






Bridges 






Swaaraga amrfca 
Pipe iinaa 






a 

Roads 
















(ottrar than water or aew^aga) 
Harbotira 






Dams 






Airports 






Turme) s 






Ottter (spMify) 







In the sisclion on pa^ 4 and S ptea&e iiHlicat* In comwction with • 

USE " those elements or parts «)f civil engineering iuiowladga which you uaa in th* parformanee of your 

job, by placing a tick against them. 

Please write 'O' against those you do not use. 

For those elements of civil engineering knowledge ym UM i.e.. ttwsa you have ticked plaaaa indicate • 

LEVEL OF KNOWLEDGE - by selecting one of the following code msnbera with the meanli^ as given:- 

1 2= Advanced level of knowiedge of the whole element 

2 = General level of kmmledga of whole 'elewawt 

3 = Specialised knowledge of es£l oTefSment 

4 = Very specialised kncmladga of small aart of element 

FREQUENCY of use by selecting one of the following code numbera with their oiaanlnga aa given:- 

1 z Regularly, frequently, I.e. every day or avary other day 

2 = Fr«)uentiy, i.e. about cmce a weak * 

3 = Not frequently, i.e. abmit once a montti 

4 = infrequently, i.e. lesa than 10 timea a year 

IMPORTANCE - i e. whether knowiedge of the particular element la imi^ortant in your Job. Your answer 
to be selected from the following code numbers witfi their maanlf^a aa given:- 

1 =very important, easy to acquire 

2 a>Vsry important, difficult to acquire 

3 = important, easy toacqiiire 

4 = Important, difficult to acquire 

5 =Not importmt 

DIFFICULTY - please indicate how difficult you ceneider the handling or umfarataiMfing of thia particular 
etement of knowledge to be. Plaaaa select your anawar from tha following coda numbara with the 

meanings as givrn:- 

1 " Very difficult 

2 = Difficult 

3 s Moderately difficult 

4 s Easy 

USE IN YEAR - in the last column indicate whether you have uaad ttie efemant of civil engineering knowledge 
in the paat 12 ffionlha. Plaaaa anawer lor Oiuaad. or not uaed). 

Finatty, if there are "eiemanta" of dvil anginaerlng knowtadga you uaa, and which are not Included in the Mating 
pleaae write about them on page 8, or If there ie Insufficient space on prges 4 A S. please continue on psM 0. 
marking the section refmd to clearly. Any amptiftcalien you think would be hafpful would be appreciated. 



ERIC 



4^ 



; TASK ANALYSIS 

^ii^ iiw 0^ 



On this pags we would liHe you to show how your working time is splitMip ovflr some broad categories of tasks, m 
order to do this with some accuracy we suggest you note down day by day for a period of two working weeks the 
approximate hours spent on each of the broad categories of task. At the end of the time the hours cm be sumnwd 
and a percentage calculated for each category. We are only interested in the percentage of the hours worked, and 
these should be indicat«d in the column headed "% or nil". f>ercentages to b« given to the nearest S%. m the 
next column headed "Frequency" please indicate how frequently you were mgsged on the category of task over 
the iast year, since the fortnight chosen may not hav« been typical of your working year. Your answer to be 
selected from the following list of code numbers witii their meanini^:- 

1 = F^uiarly. freQMntiy. i.e. every or every other day 

2 s Frequently, i.e. about once a week 

3 s Not frequently, i.e. abcHtt once a month 

4 = Infrequently, less than 10 times a year. 

Please write the selected code number in its relevant o>iuffln in your tmswers below. 

We suggest ycKi read all the pages of the Task Analysis section in order to gain an idea of what is meant by 
Technical Matters. Manual Skills, feioonemio & Financial Matters etc. 



ALLOCATION OF TASKS 



5 

1 

CATEGORY OF TASK 




FREQUENCY 


COMMENT 

i 


%0R 
NIL 


1 
f 


Ik 


i 

1 




1 


2 


3 


4 


Example 


30 




2 






r 

\ 


Technieel Matters 












1 

♦ 


Manual Skills 












t 


Economic and Finanelet 
Matters 












1 


Commtmlcation Matters 
'Eschange of Information 














ERXCuagMwti Matteri Ml 
™^/«oiwiel Matters 












1 



"^^^He t«st yMr.'sinct lh» fortai# dto«aninayTioritav«twn tyt^cat of yeurfiorMnoyMr. Yow mntwtr'tote 
Mitfcttd from the foitowins Hit of ood* mnimirs thalr moaningst- 

1 s Rtgutariy, fnquontty, i.o. •vtry day or avtry othar day 

2 s Frtqumtiy. i.o. about onc« a woeK 

C s Not fw^iMHitly, i.o. about onca a month 
4 = Infrequently, less than 10 timos a yoar. 

Please wrif© the selected code number (n its relevant column in your answers below. 

We sug9e$< you r^io all ttw pages of the Task Analysis section in order to gain an idea of what is meant by 
Technical Matters. Manual Skills. Economic & Financial Matters etc. 



ALLOCATION OF TASKS 



CATEGORY OF TASK 



%0R 
NIL 



FREQUENCY 



COMMENT 



Example 



Technical Matters 



Manual Skills 



Economic anO Financial 
Matters 



CommimlcatiCA Matters 
/EKchange of information 



Management Matter i and 
Fertonnel Matters 



Other (specify) e.g. 
Legal, Seeial 



Other 



'er|c 



TECHNICAL UATTEAS 




stress Gaiculations ie.g. f ^W) 
Frame Analysis ^ 

using mdmia) fwthods 

using ccrniputers 

a) via terminai lo iarge mstaiiation 

b) on site small computer 

c) desk top programmable ca»culator 
using fianclbooks 

efastici^y (stress, strain etc.) 
statics 0 e virtual work) 
0«sign 
metal structures, inc. steel 
concrete structures 

code of practice 
safely factors and ^oad factors 
Ottier ipi^.^se specify) 

MATERIALS - 

Mec:nanfc<it Testing 

Oiialdy control 

Satectim & specifications 

Organic nctudtng timber) 

Concre'o 

Ce'-amri 

Silicat* 

RoadMatenals 
RtidOlogv 

Ottier {please specify) 
ditfo 

l»ATEB > 

^'lution of hydraulic problems 

from first principles 

y^^^ng empirical timmilM 

u3mg computer McKagas 

using handbroks 

using models 
Solution of hydrology prAlems 

using raw mta & first i^i neiples 

using standard design procedure 

(e.g. Australia Aainlatl A Runoff Hancock) 

.;sing compter package 

usmg models 

ustng Systems analysis 
Hy/rostaiics 
Hydrodynamics 
W«%ter engineering 
Ottier (please specify) 

ditto 
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TASK ANALYSE 



TECHNtCAt MATTERS (cpntd.) 



'ELEMENTS'VOF 
CIVIL ENGINEEfUNQ 
KNOWLEDGE 



SOILS . 

ueofog^cA! assessment 

F it'td investigations 

L abOratOfy (nvestigations 

Foundation design or assessment 

Earth structures design (e.g. embankments 

dams, road bases) 
Mechanics 
Engineering 
Other (please specify) 

ditto 

CONSTRUCTION: - 

Cnticat Patn Methods 
Explosives 

Drilling 

ELECTRICAL ENGINEERING :- 

L'jutprnent specification 
Other ipierise specify) 

MATHEMATICS 

B*<sic aigebra. geometry and trigonometry 

Calculus 

Numerical Methods 
Other ip»ease specify) 

ditto 

COMPUTERS 

System Analysts 
Vpntmg programs 
Using programs 
Other tpiease specify) 

ditto 

EQUIPMENT & PLANT 

SURVEYING 

Levellmg 
Setting out 
Tri^versmg 
Photogrammetry 
Oth^r (please specify) 

rSitto 

CHEMISTRY - ENGINEERING 

(e g corrosion) 
PHYSICS - ENGINEERING 

{t* q tnermodynamtce) 
GEOLOGY - ENGINEERING 
i-n^ir> <« <J stabiiHy of rocks) 
cHJCmOLOGY - ENGINEERING 

(e g. %vater & sewerage, environment, public healtti) 



Use 



Level of 
Knowletf^ 



FreqMiiqf 



^ 1 — r 



a A 



-4- 4. I 



t.tr.: 



Ifl^i^ame 



> > £ 



ill.- 



1 < < 



.-4— 1_ 



Difficulty 



> Q a w 



i 



' ELEMENTS** OF 
CIVIL ENQIN6EIIIN0 
KNOWLEDQE 



SOILS ' 

Geotogicai assessment 

Ff^td tnve^t*gations 

I jbo atOfy mveatigations 

Foundation design or assessment 

Earth structures design (e fl. embankments 

dams, road bases) 
Mechanics 
Lngmeering 
Other ipiease specify) 

ditto 

COMSTRUCTIOW: - 

Criticat Path Methods 

EKpiostves 

ELECTRICAL ENGtWEERINQ ^ 

E ;u>pfnent spec»t»cat«on 
Oth^r ipiec*se specify) 

t.Tto 

MATHEMATICS 

Basic algebra, geometry and trigonometry 

Numerical Methods 
Oth«*r (please specify) 
ditto 

gOMPUTERS 

System Analysis 
v'lritiny programs 
Using programs 
Other (please specify) 

dttto 

EQUtPMENT ft PLANT 

SURVEYING 

Levelling 
Setting out 
Traversing 
Photogrammetry 
Other (please specify) 
ditto 

CHEMISTRY - ENGINEERING 

le g corrosion) 
PHYSICS * ENGINEERING 

(e g thermodynamics) 
GEOLOGY - ENGINEERING 

le g stability of rocks) 
BIOLOGY - ENGINEERING 

(e g water & sewerage, environment, public health) 

OTHER (please specify) 




-I. 



1 

.4. 



1 1 f - 



1 « 



^4 4 



I,. f 



j-M" ^ ' 



I I 



J L 



1 



. 4 _. 



4 



-Hi- 



-J. 
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TASK ANALYSIS 




"ELBIENTS** OF 
CIVIL ENGINEERtNQ 
KNOVUEDGE 



On ihis page please add any «ec»KI'ca»^®'«^«2L hw L 
CIV. I engiwering kn(wledge thai are not fovw^j 
previous tvw pages, or any other Items of a techn cal 
nature which are used in the pertormance of yw*' 
and v^ich you think should t»e drawn to our attention. 
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TASK ANALYSIS 



Please .nd.cate in the three sections below viz. Manual skills. Economlc.and Com.nun.catlon - 
column to tot al 100%. 

d) agamst all sub categoiy tasks put either 1 or 0 (used, or not used) depending on whether you have 
performed the tasit in the past 12 months. 



MANUAL SKILLS 



SUB-CATEGORY TASK 



Orav.mg i Drafting 



% 

OR 
NIL 



Using Survey inslfurnents 



Using Laboratory or 
Testing Apparatus 



Frequency 



i i i 



I 



e 




lin^rta..t! 



Use In 
Veer 




4. 



. 1 8 
8 o 



ECONOMIC AND FINANQAL MATTERS 

I I 



COMMUNICATION OR EXCHANGE OF INFORMATION 



WRITING letters, reports or 
filling in forms 



) Sketching 
O 

ERIC 



TALKING on telephone, in groups 
terturing, attending meetings ae a 



COMMENT 





c, agamst those tasks whra you have put a % llaure Indicate the \^^^^^ 
the code numbers 1, 2, 3, 4 or 5: according to the notes In the lower part ol page 3. 

d) agamst au sub eatery taeto put either 1 or 0 (used, or not used) depending on whether you ^ave 
pertormed the tasK In 0te ptst 12 months. 



MANUAL SKILLS 
Frequency 




ECONOMIC AND FINANCIAL MATTERS 



COMMUNICATION OR EXCHANGE OF INFORMATION 



* FeastOtttty Studies 




i ' 1 


1 ; : i 

L 1 1 : 


! 

» 




^« — ■ ' ■" — — — ■ 
Cost Benefit Analyses 




— \ — 1 — ^ 

! : • 


1 


i ^ 


1 
1 




t Market Studies 




1 i 




^ 






CosiifiQ of. Costs Pf Projects 






1 


r { 


— t— 




Other (specify) 




1 ' 1 

■ i 
1 . 1 — 


1 ' ■ 









% 

\ VVWITING tetters, reports or 
\ uliing m fornts 






1 • 

1 

t 




1 

t 
\ 

1 


' 1 








\ SKetcning 




















U — . ■ — 

1 TAk^KlNG on telephone, in groups 
\ lecturing, attending meetings a$ a 
j participant 




! 1 

1 i 


1 

\ 
1 




1 1 

{ 1 

1 


— ! — 

t 

— \ — ' 




PF- AOING tetters reports, drawings 
jf forms. Keeps up-to-date reading 

! journals 

s 




i ■ i — 


1 

— 1 i 1 


■ t - - 




■1 Other (specify) 


100% 


• 
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TASK ANALVSR 



MANAQEHENT A PERSONNEI. HATTERS 



Please a««r th„ sect,™ .n .he san«. «a, as .h. 3 Immediately prevlou. section,, I... .ndlcate - 

a, a,a,„st all tasKs put either 1 « 0 « «« «-) *P«-'»9 •» »~ >«« P*"'™*' 

m ihe past 12 months. 



SUB-CATECORY TASK 



Planning, annual plans. 
DuOqels. P E R T . critical 
iMtn work, network analysis 
cirtssification and statement 
o' objectives 

ORGANISING, adapting resources to 
meet particular needs of jobs, defining 
procedures, assigning activities. 



riPECTiNG. talking to staff in 
reporting sessions, following progress 
of work, motivating, leading, preserving 
morale. 



CONTROLLING, comparing with accepted 
or nominated irodes of performance, 
budgetary control tlirso control, production 

control. 

CO-ORDIf^TINO, arranglf^l Inter 
departmental, in.er comfMiny etc.. 
discussions, Smootfilng obttaclit. 



INTER VIE Wlf^. engaging staff promoting, 
f.nng. staff counselling, staff appraleal 

session, filling m reports on staff. 

LASOUR RELATtOI^S. arbitrating etc.. 
discussions with bodies representing 
croups of staff or labour, salary and wage 

discussions. 



' a GENERAL PERSONNEL MATTERS. 
CDir absenteersm, health matters, argomanis, 

v^ornes. anxieties, frustrations of staff 

and labour. 



% 
OR 
NIL 



COMMENT 




t f 



a, a,a,«,. all .»Ks pu. .,d», 1 o, 0 («.«. or n« «Md) «h«h« hav p.rtoHn«> m. .a* 

in the past 12 monttt©. 



SUB-CATEGORY TASK 



Planning, annual pians, 
DuJgets. PE RT . critical 
Daih wofK, netv^orK analysis 
c'HSSificat'on and statement 
uf oDiectives 



ORGANISING, adapting resources 'o 
nwjet particular needs of jobs, dofininfl 
procedures, assigning activities. 



r.lBECTlNG. talking to staff m 
reporting sessions, following progress 
of work, motivating, leading, preserving 

morale. 



CONTROLLING, comparing with accepted 
o' nominated modes of perlonnance, 
Dudgetary control time control, production 

control . 



CO-OROiNATIfsiG. arranging Inter 
oepartmental, inter company etc, 
discussions. Smooltiing out obttaclei. 

iNTERVlEWil»4G. engaging staff promoting, 
f.nng. staff counselling. Staff appraisal 
session, filling m reports on staff. 



uA»3uP RELATION&. arpitratmg etc.. 
discussions with Dodies representing 
croups of staff or iat»ur. salary and wage 

discussions. 

GENERAL PERSONNEL MATTERS, 
absenteeism, healtit matters, arguments, 
v^ornes, anxieties, frustrations of staff 
and labour. 

STATISTICS on labour and staff, 
compiling returns for accountants, 
government departments, etc. 

SAFETY MATTERS, dealing wltl» 
safety regulations, policing safety 
precautions etc. 

OTHER (specify) 
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TRAtNINa ANALYSIS 



T,.e .o.iu,N.nq ser.es o1 questions seek mformat.on on tra.n.ng lor ^'^J..''^^^"* 
r.m. o, pa.t 0., C.V.I enineenng ,ot.8. Each ^^^^^;^J^^ 'J^T^TZ X&^^c^^^^^^^^ 
Of th« cateooT'es of tasK heading the columns on this and the "W** ma».er». 
manual skMis. economic matters, communication matters and miBiagement matters. 



CATEOORV OF TASK 



TECHNICAL 
MATTERS 



The knowledge needed fo perform the task - ^as it part of your post-secondery /tertiary training? 



Please iuaicate 6y wriimg a number 
selected from the 4-point sca»e. 



f trongly 
empluitiMtf 



nwitlon 



r 



NcNie 



Has pracur..! e^^rtence been of importance m the acquisition Ol skill In relation to this task? 



^ Please indicate by writing a 
number detected from the 
4-pomt scale 



Vefv 

iich 



r 



mucti 



2 



tome 

- 1 



very 

tittle 



4 



do you tiunK the l>est pattern of training for ^^l^^^'^^^^^^^^ ¥^11 
.eitornunce Of the task^ Select one of the followfng for each of »^,£*^!f ;'f5^^ , 
tmn course Futi t.me followed by part-time. Part-time, ^^^^l^^^^J^^^ 
nraming within industry) Short intensive course. ^Correspondenc^^^^^ Other. 
Piense indicate whether the courses should be at degree or sub-degree levet- 



The foiiowing hsts niost of the ways of acquiring knowledge 



Live '<^Ctu'*? 

AuJfO-vt^uai rnetnoas 
frvJtrfiOi. if project 



0 
1 

2 
3 
4 



t^monstration. laboratory & outside 
practical participation/field work 
Simulation/decision making games 
. the |0b instruction 
Piactical job experience 



5 
6 
7 
8 
9 



vvhr:n o< these have you had experience of? Please circle number. 

max IS the best way of acquiring the knowledge tor t.^e performance of the task? Please 
state up to 3 answers in order of priority. 



To ..hat extent is your post-secondary/ tertiary training specifically used in the performance 

of the c.aegory of task? 



P«LM>e indicate by writing a number 
selected from the foitowing 4-point 
scale. 



•tmoft 
all 

I 



much 

-n — 



seme 

I 



very 
little 



1 



To wh,a extent do yog belieire your post-secondary /tertiary training has provided. In 
reirttion to each ot the tasks - 

ii\ r»rh>;,ipies which you can apply, 

tn n basic ground work of facts, 

CI knowledge of where to find the information, 

flf understanding of the language or jargon. 

•?! HQ vdiue at all? 



H ,v. r-^ v.ew your post-secondary /tertiary training? Please indicate by rlnpliis one of 
th<» riun't)**'* on each of the following 5-point scales. 




too few generat 
principles of civ. eng. 



2 

T" 



•bout 

right 



4 S 

— » — p 

too iMuiy general 
prineipiee of clv.eng. 



Please mo»cate by «»fUinfl a nufflbsr 
selected from the 4-point scale. 



■trongly 
■mpliatttMl 



•mphMlMtf 

I 

2 



•omt 
mention 



Nont 



Has praci.cci exf^enence been of importance »n the acquisition of sKilt In relation to this task? 



Please mdicaie by wriung a 
numt)rit r.eiected from the 
4-pomt scale 



Very 

much 

1 



mueh 



•omt 



very 

tittle 

- ' n 



V.n ., do you tti.nK . iue btfst pattern ol tra.n.ng tor «<»uir.ng the kno«led^ re«^^^^ the 
pe.fornu.Ke ot the tasK'> Select one ot the following for each of cateprles of task. Full 
nntJ^course Fu.i t.mf followed by part-t.me. Part-t.me. S^^fjj'^ '^'^^^ 
(tratnmg v^ithm .nousvy) Short intensive course. Correspondence. Sj'Jjej,"*'"^- 
Please i.idic.ite whethei the courses should be at degree or sub-degree level. 



The fonowing lists most of the ways of acquiring knowledge 



Tutu"<» ^ 
firoup pruject * 



Demonstration, laboratory & outside 
Practical partici|:»tion/iieid work 
s»mulation /decision making games 

the icb instruction 
Puictical |0b experience 



5 
6 
7 

a 

9 



v*hi :n of thes* h.ive you had experience of? Please circle number. 

What IS the Dest way of acquiring the knowledge tor the performance of the task? Please 
state up to 3 answers in order of priority. 



To Ahat e^ent is you. post -secondary/ tertiary training specifically used in the performance 

of the c-iteyory of tasi^? 



P oase indicate by writing a number 
5gi^^ted from the iolfowirig 4-point 



almost 

alt 



much 



r 



T 
2 



•omo 

— I — 



very 
IIHIO 

— — » 



To Who! extent do you believe your post-secondary/tertiary training has provided. 

' relatton to each ot the tasks - 

at priiiwiples which you can apply. 

' Ui << basic ground work of facts, 

' c» *«nowie<Jge ot whe'^e to fmrt the information, 

di understanding of the language or iargon, 

*!( no vrflue at ad? 



MOV, yuu view your post-secondary/tertiay training? Pleaso indicate by ringing one of 

the numbers on eac^, of the following 5-point scales. 



too few general 
principles of elv.eng. 



1 2 

I T- 

loo little detailed faotiial 
subject Mirient re civ. eog. 



3 



about 

rigitt 



5 



•bout too many general 

ri^t prinelploo of civ.ong. 



4 5 

1 1 

too mucti detailed factual 
•ubject content le :lv. ong, 



ct 



1 



T 



too little 
"general englnooring education" 



about 

right 



4 



too much 
'fonorol engineering education" 



TRAINING ANAUYStS 




0£. QUESTIONS 



t\ - Fur an> of int^ following questions, please continue your answer on a separate sheet, if 
bpnce IS necessary 



fio yoti enjOy yOur pgst*Mcondary/teftiaiy 
^tfOucaticn program overaiP Yes or No. n 
not why? 



iTihat did you Uke most about your post-secondary/ 
tertiary education program'^ 



vv relation to the problems you meet and the 
typf^^^ of .r-orK yuu t^aye to do today, have any 
maior deficiencies m your post -secondary /tertiary 
training D^^comt- apparent? It so. what are they? 



vvnat topics c>t vdiue m carrying out your work 
were omitted frorr, yOur post -secondary '^tertian 



were omitted 
training? 



lary 



;,itn reuitJon to yjuf \r,«jrk as it affects the 
con>niunity oener.itty what topics do you 
t*^»rm you bhouid f^ave studied, or skills 
yOu should have ac»3uirt?d. 



topics or :>Kjns nave you had to acquire 

Att^'^iUt ^0^^^r\^ courses'^ 



t' ,ife tr.r cr'ter.,iot ^ijccesb m yuuf |0U 
j% ycu shc tht;in'> 



Fo^ w^at ar^a it /-hat level do you think your 
post-beconjaiy- tertiiuy framing most fitted 
you'' 



L^d yOiH po!^t secondary tertiary training develop 
s^K.Mb iri tev^rifcri^ decjsion making, or value 
jijocjements'^ H so which parts of your training 
^.^t-^e '•lost effective? 



Pil your pobt-secondary/tertiary training 

encourage and assist you to - 

(a^ iev<?top your own 'deas and use your 

Ov^n foeas or 
(tif encourage you to use traditional methods 

to solve your proDlems? 



I 



ti you itna greater use (or /our own ideas 
pie;»se give examples. 



ERIC 



L ookmg ahead to 1980 what do you think wUI 
,8e the major differences in civM engineering* 
and what new approaches or subiecte should 



max did you like most about your post-secondary/ 
terfiriry education progiam? 



W.^n reUtiOf^ to the problems you meet and the 
tYt/t?fc ot ^oTK you ricive to do today, have any 
maior deftciencies m your post-secondary /tertiary 
trammg become apparent? If so, what are they? 



v'^hat topics ot v.iluv m c.^rrymg Out your worK 
vwere omitted Iron. yOuf post-secondary tertiary 
training? 



iMm reiatioti to yow au:*k it affects the 
coffmiunity nt^n-n.iUv what topics do you 
trwfiK yuu bhou4c5 h^ive studied, or sKitls 
yOu should have acquired. 



;.h.i! topics or ^Kl^^ hdve you had to acquire 



;.^ .ffe tr - « ? t^?^ x t/f buccesji in your jou 
:i3 yoj ^^-'O tn^iw^ 



For v.nat cincJ ,it v.hat level do you think your 
post-seconuaty tertu^fy training most fitted 



you 



yu^f pv>bt secunaary tertiary training develop 
Kk.Mv te. notcri* deu»sion making, or value 
uuiut— ents"? it so. which parts of your training 



Dir3 your pobt -secondary /tertiary training 

encourage ana absibt you to - 

fai <ievetop your own ideas and use your 

Ot%n tae^ts. or 
if,. *:?ncourHge you to use traditiwal rrothods 

to solve your proDlems? 



you find greater use for your own ideas 
(e^^s*^ give examples. 



Jookmg ahead to ]^j80 what do you think will 
bie the mapr differer^ces in civlT engineering, 
and what new appfoaches or subiects should 
cffv t engineers ot ait gradf^s be taught today 
t<> better fit them for work \ 1980? 



RESPONSIBILITY RATINQ 



Please read the notes overleaf on responsibility rating before answering this page. 



In each of the columns opposite please indicate 
the numoer of staff of that type, for whom you 
are responsible, i.e. you supervise, you control 
5<vary ,«f*here applicable), you select and 
engage, you discharge or fire, and you assess 
annually etc 



Unskilled 
staH 


Li 


Number 


r 

Nimbtr 



Numbar 




Ntnnbar 




Number 



Answer the next 4 questions by putting a tick In the box applicable 
to your position in the organization. 



OFFICE lSE 
ONLY 



Incidental expenditure, 
running expenditure • 
cheque signing limit 


lets than 

$25 


$25 to 
$99 


$100 to 
$249 


$250 to 
$1,000 


above 

SI.OOO 




Capital expenditure 
limit 


lets than 
$100 


$100 to 
$500 


$501 to 
$2,500 


$2,501 to 
$10,000 


above 

$10,000 




Value of plant and 
equipment for which 
rebponsible 


lets than 
$1,000 


$1,000 to 
$5,000 


$9,001 to 
$25,000 


$25,001 to 
$100,000 


obovo 
$100,000 




Value of work or 
project for which 
responsible 


Itti than 
$9,000 


$5,(HI0to 
$50,000 


$50,001 to 
$500,000 


$500,001 to 
$SM. 


above 

$SM. 





Please answer the next 5 questions by putting a ring around a 
number on the S-point scale. 



^'.tiat responsibility do 
you take for Technical 
decisions? 



Vmat connection do 
you nave with policy 
making' 



How much are you 
involved in policy 
interpretation? 



All work checked 
by aomeono elte 

I L 



accopts all 

rttponsibltity 

J 1 



5 



No comioctlon 

i 



Very awc h con noctton 
9tv\ iwvoivemoati 



3 



too far do«m lint mtroly 
foMote Inttnicttont. 



a grtat deal 



3 



What responsibility do 
you take for safety of 
staff, and safety of 
construction? 



low 

rttponaibiiity 

I 



high 
ro^^onal 



ilblllty 



9 



ERIC 



,'<n,iT social 
r«f>punsibiiity and 
leq.ii responsibility? 



What IS your annual 
salary? Ptease place 
a tick in the relevant 
box. 



low 

fet yontlbllity 



higb 

fotponslb/ llty 



1 



loss than 
$4,000 



3 



$7,001- 
$8,000 



$4,001- 
$5,000 



$0,001- 
$0,000 



$5,001- 
$$.0M 



$9,001 - 
$10,000 



$$.001 - 
$7,000 



ovor 
$10,000 



X 



i 



J. 



Ansvw the next 4 questions by putting a tick in the box applicable 
to ycHir position in the organtzatim. 



incidental expenditure, 
running expenditure • 
cheque signing limit 



Capital expenditure 
timit 



Value of plant and 
equ«pment for vwhich 
rei>ponsibte 



Value of work or 
protect for which 
responsible 



lets than 

$25 



lest than 
$100 



less than 
$1,000 



lass than 
$5,000 



$25 to 
$99 



$100 to 
$500 



$1,000 to 
$5,000 



$5,000 to 
$50,000 



$100 to 
$249 



$501 to 
$2,500 



$5,001 to 
$25,000 



$50,001 to 
$500,000 



$250 to 
$1,000 



$2,501 to 
$10,000 



$25,001 to 
$100,000 



$500,001 to 
$SM. 



•bo«t 

$1,000 



above 

$10,000 



aboiw 
$100,000 



abova 

$su. 



Please answer the next 5 questions by putting a ring around a 
number on the 5-point scale. 



What responsibility do 
you take for Technical 
decisions'' 



vvnai connection do 
you riave with policy 
nan tng '> 



All wofh diecfcad 
by someone also 

I L 



accapta ail 

responsibility 

J » 



5 



No connactlon 

t 



Very much eonnactlon 
«w4 tnvolvamant, 



How much are you 
involved in policy 
interpretation'^ 



too far down line merely 
foM ow '.lOtnictionat 



a oaat (teal 



5 



What responsibility do 
you take for safety of 
staff, and safety of 
construct iwi? 



low 

raapenaibllity 

t 



!!iSofiaibllity 

J I 



5 



iVhiit social 
ftf«ponsibiiity af>o 
leqit responsibility' 



lew 

fes fonaibtlity 



high 
^jra^onalbjllty 



^Vhat IS your annual 
salary' Please place 


loss than 
$4,000 


$4,001 - 
$5,000 


$5,001- 
$8,000 


$8,001- 
$7,000 




a tick in the relevant 
box. 


$7,001 - 
$8,000 


$8,001 - 
$0,000 


$9,001 ~ 
$10,000 


0¥tr 
$10,000 1 





Wa aaiphaalaa that this iBfermatlon wtit ba tretad as cowftdantlai 
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NOTES ON THE ASSESSMENT OF RSPONSIBILITY IN A JOB 



HVspons>b»iity IS assoctated wMh any engineering job, »id a number of attempts have t>een made to 
.jetine this responsibility Civil engineering has, perhaps, more than tts share of the various aspects 
of responsiDiiity and i! is important for our study that this is not omitted from the task analysis. 

In Canada the councii of Professional Engineers defines each level of responsibility by reference 
10 5 factors - 



I) duties 

.1) recommendations, decisions and commitments 

Ml) supervisim received 

iv) leadership, authority and/or supervision received 

V) entrance qualifications 



\ ] executive managers in companies 3» 100 employees 

1 1 j executive managers of small firms and heads of departments 

mo i«eads of small departments and heads of divisions in big firms 

(V) heads of sections 

V/ younger engineers 



Pafion ^ L ittietielo m their text on Job Evaluation, frequently discuss responsibility and break it ur 
into re:>ponbiDi»ity for certain things: e.g. in the case of salaried and clerical staff it is responsibility 
for determining and applying company policy, for money and materials^ for confidential data, and 
executive lebponf^tbility. Again, when evaluating executive positions, responsibility is broken up 
into initiative. account;?bility, effect on profits, responsibility for personnel relations, for policy 
making and policy tnterpretation. 

me F.uto' co'npartson methcJ. responsibility is defined as - what is entrusted to him that is valuable 
♦-p :;o^pa'iy and that may be affe^ ted by his decisions and judgements. 

*^rien coming to comDmation approaches and sj^cial plans, accountability is defined as - the requirements 
of independent responsibi iHy for what happens. Since results are measuraJ In terms of finwcial health 
aMj growth responsibility winds up sooner or later in terms of money. This phrase - Mn terms of money - 
seems to be one of the keys in assessing responsibility. Supervision, given and received, also is an 
important factor Safety questions, social responsibility, are also involved. 



A possible scheme for asstsslRg retpmslblllty can be based on the following factors:- 



1 Niimber and type of staff for whidi responsible. 

2 Incidental expenditure, running expenditure, cheque signing limit. 

3 Capital expenditure limit. 

4. Value of plant and equipment for wt)irh respwsible. 

5. Place in organization hierarchy. 

6 Responsibftity for technical decisions. 

7 Connection with policy making. 

8 Involvement in policy interpretation. 

9 Safety decisions. 

to Social responsibility and legal responsibility. 



A usef i»! ch^ck cuuiu be the salary associate with the |0b because in any organised |ob evaluation 
tn 1 sataiy grading system responsibility is one of the major factors considered when putting a salary 



A ^»tnefne ou the .it>ove imes has been detailed on the page entitle Respmsibility FUiting. No claims 
aie made for its correctness, in fact, there are some obvious defects. However, It is a sericHts attempt 
to come to gnps with the problem of quantifying r^ponsibility in a job. 



Maiden in hts study of Swedish electrical engineers defined 5 levels of responsibility 
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